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NATURE OF LIGHT, 
AND CONSTRUCTION OF OPTICAL 

MACHINES. 

Hypothesis as to the Nature of Light. — Newton. — Huy- 
gens. — Materiality of Light. — Velocity and Minuteness 
of its Particles according to the latter Hypothesis^ — Ef- 
fects on Vegetation^ and other Natural- Phenomena. — Re- 
flection of Light. — Variously formed Mirrors. — Caleido- 
scope. — Nature of Reflection. — White Light a Com- 
pound of various Colours — Rays differ in Refrangibility. 
— Prism. — Spectrum.-^ Magnetizing Power of various 
Coloured Rays. — Calorific and Colorific Rays. — Rain- 
bow. — Inflection. — Polarization of Light. -^Construction 
of Lenses. — Improvements by Dr. Brewster. — Compound 
Burning Glass. — Nature of Vision. — Anatomy of the 
Eye. — Permanency of Objects on the Retina. — Defective 
Vision. — Long and Short Sight. 

'As all the phenomena which offer themselves to our ob- 
servation in this science, owe their origin to the direct 
agency, or presence of light : it may be advisable, in the 
first place, to examine some of its more important proper* 
ties; and then show the application of those data to the 
construction of optical machines. 

There are two theories, or rather, hypotheses, that have 
been adopted to explain the action of light, with reference 
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2 NATURE OF LIGHT. 

to its transmission. The one supposes the rays to consist 
of small particles, and, as such, material ; while the other 
presumes the existence of a fluid pervading all space, which, 
by its vibratory motion, enables us to see luminous bodies. 
According to the latter hypothesis, light may be consider- 
ed as analogous to sound, which is known to depend 
entirely on the pulsations of the air and other sonorous 
bodies transmitting a vibratory motion to the organs of 
hearing. 

A very striking circumstance respecting the propaga- 
tion of light, is the uniformity of its velocity in the same 
medium. According to the projectile hypothesis, the force 
employed in the free emission of light must be about a 
million million times as great as the force of gravity at the 
earth's surface ; and it must either act with equal inten- 
sity on all the particles of light, or must impel some of 
them through a greater space than others, if its action be 
less powerful, since the velocity is the same in all cases : 
for example, . if the prt^ectile force is weaker with respect 
to red light than with respect to violet light, it must con- 
tinue its action on the red rays to a greater distance than 
on the violet rays. There is no instance in nature, be- 
sides, of a ^mple projectile moving with a velocity uniform 
in all cases, whatever may be its cause ; and it is extremely 
difficult to imagine that so immense a force of repulsion 
can reside in all substances capable of becoming luminous, 
so that the light of decaying wood, or of two pebbles rub- 
bed together, may be projected precisely with the same ve- 
locity, as the light emitted by iron burning in oxygen-gas, 
or by the reservoir of liquid fire on the surface of the sun. 
Another cause would also naturally interfere with the uni- 
formity of the velocity of light, if it consisted merely in the 
motion of projected corpuscles of matt^ : M. Laplace has 
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calculated, that if any of the stars were 250 times as great 
in diameter as the sun, their attraction would be so strong 
as to destroy the whole momentum of the corpuscles of 
light proceeding from it, and to render the star invisible 
at a great distance ; and^ although there is no reason to 
imagine that any of the stars are actually of this magnitude, 
yet some of them are probably many times greater than 
our sun, and therefore large enough to produce such a re- 
tardation in the motion of its light, as would materially 
alter its effects. 

If, however, we adopt the opinion, that the particles of 
light are material, and that they are continually passing 
from the various luminous bodies that surround us, it 
may be inquired why they do not interfere with each other 
in such a manner as to confound all distinct perception of 
objects, if not quite destroy the sense of seeing ? Their 
velocity, however, enables us to answer these questions, by 
convincing us that they may be separated at least a thou- 
sand miles, and yet be perfectly efficient to the purposes 
of vision. It is an undoubted fact, that the effect of 
light upon the eye is not instantaneous, but that the im- 
pression remains after the light has been withdrawn. Of 
this, any one may satisfy himself, by shutting his <eye, after 
having looked for some time on a candle, a star, or any 
other luminous object, when a faint momentary picture of 
the object will remain. The same thing may be proved 
by whirling round a stick, the extremity of which is on 
fire ; if the motion be quick enough, the perception of a 
complete circle of flame will be impressed on the eye. The 
actual duration, for a certain time^ of the impression of 
light being thus proved, let it be supposed to continue dis- 
tinct only for the 150th part of a second ; then, if one lucid 
]M>int of the sun^s surface emit 150 particles of light in a 

B S 



^ MATURE OF LIOHT. 

second, these will be amply sufficient to afford light to the 
eye without any intermission ; and yet the particles emitted 
will be more than 1000 miles apart. 

It has been ascertained by the astronomical obseryations 
of Roemer and of Bradley, that each ray of light emitted 
by the sun, arrives at the earth in eight minutes and one^ 
eighth, when the earth is at its mean distance of about 
ninety-five millions of miles. Roemer deduced this velo- 
city from observations on the eclipses of the satellites of 
Jupiter ; and Bradley confirmed it by his discovery of the 
cause of the apparent aberration of the fixed stars. 

But we have other proofs not less decisive than this, of 
the extr^ne minuteness of the particles of light, when we 
dbserve with what facility they penetrate the hardest bodies, 
as glass, crystal, precious stones, and even the diamond it- 
self, through all which they find an easy passage, or those 
bodies could not be transparent. When a candle is lighted, 
if there is no obstacle to obstruct its rays, it idll fill a space 
of two miles round with luminous particles in an instant oi 
time, and before the least sensible part of the substance is 
lost by the luminous body. Nay, how small must the par- 
ticles of light be, when they pass without removing the mi- 
nutest particles of microscopic dust that lay in their way, 
and evien these minute particles are rendered visible, by ts- 
fleeting back the particles of light that strike against them. 

Some bodies intercept light, or are opaque ; others allow 
its transmission, and as. such, are transparent; and there 
are gradations from perfect opacity to nearly perfect trans- 
parency. It is probable, that opacity results from the at- 
traction of the substance for light, and not from its dej)- 
sity : for it can scarcely be supposed that the particles of 
bodies should not be far enough distant to allow of the pasr- 
sage of light. Newton supposes the particles of transpa- 
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rent bodies to be of unifonn density and arrangement, and 
attracting the ray of light equally in e^ery direction, they 
suffer it to pass through them without obstruction ; where* 
as, in opaque bodies, the particles are either o{ uaecfaal 
density, or irregularly arranged, and the light being un- 
equally attracted, cannot therefore penetrate the body. 

Experience has long ago established the fact, that vege- 
tables become destitute of smell and colour, and lose tiaucfa 
of their combustibility, by growing in the dark. In Dr. 
Black's Jjectures, we find an illustraticHi of this cireum* 
stance in an account given by the celebrated Dr. RoI»&« 
son, of Edinburgh. In the drain of a coal-work under 
ground, he accidentally laid his hand upon a very luxuriant 
plant, with large indented foliage, and perfectly wbit^. 
He had not seen any thing like it, nor could any one in- 
form him what it was. He had the plant brought into the 
open air in the light.. In a little time the leaves withered, 
and soon after new leaves began to spring up, of a green 
colour, and of a different shape from that of the old ones* 
On rubbing one of the leaves between his fingers, he found 
that it had the smell of common tansy, and ultimately it 
proved to be that plant, which had been so changed by 
growing in the dark. ' Indeed, it was recollected that some 
soil had been taken into tb^ drain from a neighbouring 
garden, some time befdre it "iras found so altered. 

This effect of light is not less conspicuous in the growth 
of celery. By covering it with earth, the Ught is shut out, 
which would very soon Uxm it green, and make its flavour 
so strong as to render it unfit to be eaten, at the same time 
that it would render it more fibrous and tenacious. 

The parts of fish also, which are exposed to the light, 
such, as theback^ or fins> are uniformly coloured; but the 
belly, which is deprived of it, is white in nearly all of 
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them; while birds that inhabit tropical countries bave 
much brighter plumage than those of the North ; and this 
is also the case with every species of insect 

Light is found to produce various chemical chuiges up- 
on bodies. When the oxyd of diver is predptated from 
nitric acid by muriatic acid, the insoluble muriate is at first 
white, and if kept in the dark at the common temperature, 
would doubtless remain so for an indefinite length of time. 
If, however, it be exposed to the light for a little time, it 
begins to assume a purple colour, and ultimately becomes 
black. This effect takes place more rapidly according to 
tile intensity of the light Hence, it has been proposed to 
measure the intensity of light by the time of its changing. 
An instrument has been invented for this purpose by Mr. 
Leslie. 

It has been shown that rays of light diverge in every 
direction from the various luminous or radiant bodies that 
surround us. A pencil of rays emitted from a point are 
seen at one extremity of the subjoined diagram. 



A series of parallel rays are placed at the oppowte ex- 
tremity, while the central rays are convergent ; an effect 
which is easUy produced by opticd machines. 

When a ray of light falls upon any polished surface, a 
portion is reflected ; and the more obliquely it falls upui 
the surface of the body, the greater in general is the tg- 
flected portion. To ascertain the amount of divei^pence 
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from the reflecting plane, it may be taken as an axiom, that 
the angle of reflection is invariably as the angle of inci- 
dence, and upon this circumstance all the properties of 
plane mirrors depend.* 

The effect of combining two or more plain mirrors, so as 
to produce a multiplication of images, was known at a very 
early period, and described by writers on optics. Baptista 
Porta, in his ^^ Magia Naturalis,^ gives an account of the 
construction of an instrument, which he calls a pofyphatofiy 
in which two rectangular specula are united by two of 
their sides, so that they may be opened or shut like a 
book, and the angles varied ; and also of a polygonal spe- 
culum, consisting of several mirrors arranged in a polygon, 
for multiplying in different directions the images of objects. 
Kircher, also, in his ^^ Ars Magna Lucis et Umbra,^ de- 
scribes as an invention of his own, the former of these con- 
structions, and .distinctly traces the relation between the 
angle of inclination of the mirrors, and the number of 
images formed. The very same contrivance was after- 
wards adopted by Bradley, for the purpose of assisting in the 
designing of garden plots and fortifications ; and he states 
that, ^^from the most trifling designs, we may, by this 
means, produce some thousands of good draughts.*^ But 
the particular application of this principle, in the case 
where the two reflectors are inclined to one another at a 
small angle, so as to form a series of symmetrical images 
distinctly visible only in a particular position of the eye, was 
a discovery reserved for Dr. Brewster. The first idea of this 
remarkable property occurred to him in the course of some 

* By the angle qf incidence^ is meant the angle made by a ray of 
light, with a perpendicular to the reflecting surface, at the point where 
the ray falls ; and by the ttngle of reflection, the angle which the fay 
makes with the same perpendictilar on the other side. 
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experiments in which he was engaged on the polarization 
of light, during the year 1814. But the only circumstance 
which at that time attracted his attention, was the circular 
arrangement of the images of a candle round the centre, 
and the multiplication of the sectors formed by the extre- 
mities of the plates of glass, between which the light had 
undergone several successive reflecticms. In repeating, at 
A subsequent period, some experiments of M. Biot, on the 
action of homogeneous fluids upon polarized light, and in 
extending them to other fluids which he had not tried. Dr. 
Brewster happened to place them in a triangular trough, 
formed of two plates of glass, cemented together by two of 
their sides, so as to form an acute angle. The ends being 
closed up with pieces of plate glass, cemented to the other 
plates, the trough wits fixed horizontally, for the reception 
of the fluids. The eye being necessarily placed without 
the trough, and at one end, some of the cement, which had 
been pressed through between the plates, at the object end 
of the trough, appeared to be arranged in a remarkably re* 
gular and symmetrical manner. Pursuing the hint thus 
obtained, and investigating the subject optically, he disco- 
vered the leading principles of the caleidoscope, in as far as 
the inclination of the reflectors, the position of the object, 
and that of the eye, were concerned. 

This instrument, in its most common form, consists of 
two reflecting surfaces, inclined to each other at any angle, 
but more properly at an angle which is an aliquot part of 
360°. The reflectibg surfaces may be two plates of glass, 
plain or quicksilvered, or two metallic surfaces, or the two 
inner surfaces of a solid prism of glass, or rock crystal, 
from which the light suffers total reflection. The plates 
should vary in length according to the focal distance of the 
eye;' five, six, seven, eight, nine, and ten inches will in ge- 
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Boral be most conTenient ; or they may be made only one, 
two, three, or four inches long, provided distinct vision is 
obtained at one end, by placing at the oth^r end an eye- 
glass, whose focal length is equal to the length of the re- 
flecting planes. The inclination of the reflector^ that is in 
general most pleasing, is 18% 20°, or 2^% or the SOthi 
18th, and 16th part of a circle, but the planes may be set 
at any required angle, either by a metallic, a paper, or 
cloth joint, or any other nmple contrivance. When the two 
|danes are put together, with their straitest and smooth- 
est edges in contact, they will have the form shown in the 
diagram A B C D, where A B C is the aperture, or angle 
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formed by the plates. In this figure the plates are rectan- 
gular; but it may often be more convenient to give them 
the triangular form, shown at M or N. When the instru- 
ment is thus constructed, it may be either covered up with 
paper or leather, or placed in a cylindrical or any other 
tube, so that the aperture ABC may be left cotfipletely 
open, and also a small aperture at the angular point D. If 
the eye is now placed at D, and looks through the aperture 
A B C, it will perceive a brilliant circle of light, divided 
into as many sectors as the number of times that the angle 
of the reflectors is contained in 360°. If this angle is 18% 
the number of sectors will' be 20° ; and, whatever be the 
form of the aperture A B C, the luminous space seeii 
through the instrument will be a figure produced by the 
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arraDgement of twenty of these apertures round C, as a 
centre^ in consequence of the successive reflections between 
the polished surfaces. Hence it follows, that if any object, 
however ugly or irregular in itself, is placed before the 
aperture ABC, the part of it that can be seen through 
the aperture will be seen through every sector, and every 
image of the object wiU coalesce into a form mathematically 
symmetrical, and highly pleasing to the eye. If the object 
be put in motion,' the combination of images will likewise 
be put in motion, and new forms, perfectly different, but 
equally symmetrical, will successively present themselves, 
sometimes vanishing in the centre, sometimes emerging 
firom it, and sometimes playing around in double and op- 
posite oscillations. When the object is tinged with differ- 
ent colours, the most beautiful tints are developed in suc- 
cession, and the whole figure delights the eye by the per- 
fection of its forms and the brilliancy of its colouring. 
The motion of the object may be effected either by the 
hand, or by a simple piece of mechanism ; or the same ef- 
fect may be produced by the motion of the instrument 
over the object, or round its own axis. In th^ form of the 
caleidoscope now described, the object should be held close 
to the aperture ABC, and the eye should be placed as 
nearly as possible in the line CD; for the figure loses its 
symmetry in proportion as the object recedes from ABC, 
and as the eye rises above D. The instrument is therefore 
limited, in its present form, to the use of objects which 
can be held close to the aperture. In order to remove the 
limitation, the tube which contains the reflectors should 
slide in another tube, of nearly the same length, and having 
a convex lens at its farther extremity ; the focal length of 
the lens should be always less than its greatest distance 
from the aperture ABC. In general, it should be about 
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one-third'or one-fourth of that distance, but it will be ad* 
Yisable to have two or even three lenses of different focal 
lengths, to fit into the end of the outer tube, and to be 
used as circumstances may require, or a variation of focal 
length may be produced by the separation or approach of 
two lenses. When the instrument is thus fitted up, it may 
be applied to objects at all distances ; and these objects, 
whose images are formed in an inverted position at the 
aperture ABC, may be introduced into the synmietrical 
picture in the very same manner as if they were brought 
close to the instrument. Hence we can introduce trees, 
flowers, statues, and living animals ; and any object which 
is too large to be comprehended by the aperture ABC, 
may be removed to such a distance that its image is suf« 
ficiently reduced. The caleidoscope is also constructed 
with three or more reflecting planes, which may be ar- 
ranged in various ways. The tints placed before the aper- 
ture may be the complimentary colours produced by trans- 
mitting polarized light through regularly crystallized bo- 
dies, or pieces of glass that have received the polarizing 
structure. The partial polarization of the light, by suc- 
cessive reflections, occasions a partial analysis of the trans- 
mitted light ; but in order to develope the tints with bril- 
liancy, the analysis of the light must precede its admission 
into the aperture. Instead of looking through the extre^ 
mity D of the tube, the effects which have been described 
may be exhibited to many persons at once, upon the prin- 
ciple of the solar microscope, or magic-lantern ; and, in 
this way, or by the application of the camera-lucida, the 
figures may be accurately delineated. When the instru- 
ment is thus applied to the purposes of the arts, an in- 
finity of patterns is created, and the artist can select such 
as he considers most suitable to his work. When a know- 
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ledge of the nature and powers of the instrument has been 
iiequired, by a little practice he will be. able to give any 
oharacter to the pattern that he chooses, and he may eveil 
create a series cf different patterns, all rising out of one an- 
other, and returning, by similar gradations, to the first pat- 
tern of the series. In all these cases, the pattern is per- 
fectly symmetrical round a centre,' or all the images of the 
aperture ABC are exactly alike : but this symmetry may 
be altered; for, after the pattern is drawn, it may be re- 
duced into a square, a triangular, an elliptical, or any other 
form that he pleases. The instrument will give annular 
patterns, by keeping the reflectors separate, as at C D; and 
it will give rectilineal ones, by placing the reflectors pa- 
rallel to each other, as in A B. • * 



B 





The exhibition of the effects of the caleidoscope to a 
number of spectators at the same time, by throwing the 
images on a wall, after the manner of the magic-lantern, 
or solar microscope, might be easily accomplished, if sufB- 
cient light could be procured for the illumination of the 
objects. The form of an instrument for this purpose, is 
represented in the accompanying figure, where a powerful 




flame or lamp is employed: the light from which being 
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augmented by the reflector M, and concentrated by the 
very convex lens N, upon the transparent objects at the 
^id of the caleidoscope K, is formed into an image on th^ 
opposite wall by refraction through the lens P, the focal 
distance of which is somewhat shorter than the length of 
the tube. The brilliant light produced during tlie combui^ 
tion carried on by means of a stream of oxygen gas, is 
peculiarly fitted for the exhibition of these effects. 

Dr. Brewster has furnished us with a very pleasing va- 
riety of this instrument in the telescopic caleidoscope. It 
eoi^nsts in substituting the images of distant objects for the 
small transparent bodies usually employed, which is effect* 
ed by placing a convex lens at a certain distance from the 
tube. The arrangement of the apparatus will readily be 
understood, as the theory of its construction has already 
been described. 




The lens L forms an image of the object R at F, which 
image is multiplied by the reflecting powers of the instru^ 
mcnt^ and forms a symmetric spectrum, precisely in the 
same way as if a real object of that size had occupied its 
place. The lens may be fitted to the end of a separate 
tube, external to that of the instrument, and capable 
of being drawn out upon it to the proper distance, which 
is known by observing when the spectrum appears per- 
fectly symmetrical. The instrument in this form has 
been called the telescopic or compound caleidoscope ; and is 
applicable to distant objects of every description, and 
equally so to those in motion as those at rest. All their 
movements are represented with singular effect in the spec- 
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trum. A blazing fire viewed by it, gives the appearance 
of beautiful fire-works, at one time rushing with great ra^ 
pidity towards the centre, and at another, issuing from it 
towards the circumference, or darting in splendid starri- 
form corruscations ov^r the field of vision. These varieties 
in the spectrum are occasioned both by turning the instru- 
ment round its axis, and by moving it forwards in any di- 
rection. The compound caleidoscope has thus a much 
more extended range than the simple kind ; and it has this 
further advantage, that it admits of the symmetry of the 
spectrum being rendered perfectly correct, since the images 
may be brought exactly to the ends of the mirrors ; a con- 
dition which never can be completely obtained, when the 
objects are confined in a glass case, as they must then al- 
ways be separated from the mirrors, by at least the thick- 
ness of the glass. The focal length of the lens should al- 
ways be much less than the length of the outer tube, and 
should in general be such as to be capable of forming an 
image at the end of the mirrors, when the object is four or 
five inches from the lens. Its diameter should be such as 
that, when it is at its greatest distance from the mirrors, it 
shall still occupy the whole of the field of view which is 
seen by direct vision ; or, in other words, that the eye shall 
not see any part of its edge. 

The eflects which result from the falling of parallel rays 
of light on a concave mirror, will be easily understood by 
reference to the opposite figure. 

The ray A, on striking against the glass, is reflected 
back towards a ; while B, is similarly reflected towards b. 
The ray C, on the contrary, returns back precisely in the 
same direction as it had previously descended. In the 
above figure, we have only represented three rays, but it 
will be obvious, that rays of light will fall on every part of 
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the polished surface, and, as such, form a distinat picture 
of the image to be reflected. The rays are also inverted, 




as will be seen by reference to the change that occurs in 
the position of the letters. 

There are, however, other phenomena connected with 
the operation of concave mirrors. By them, convergent 
rays are rendered more convergent; their effect, there- 
fore, is to magnify. This effect, however, will only take 
place when the eye is between the mirror and its principal 
focus, that is, the focus or point where rays falling paral- 
lel or perpendicular on the glass, will unite after reflection ; 
the point where the rays of the sun, which are always con- 
adered as parallel, will unite and bum, for a concave mir- 
ror acts as a burning glass. By the ordinary law of re- 
flection, the principal focus of a concave mirror is at one- 
half of the diameter of that sphere, of which the concave 
surface is. a section, which is therefore sometimes called the 
centre of concavity.* At this point, the rays reflected from 

* To find the focal distance of a concave mirror, place it so that its 
axis may be directed to the centre of the sun. Find the burning point, 
or receive the image-upon a white piece of paper^ and the distance 
thus found, between the paper and the centre of the speculum, is the 
focal length. Or, cover the mirror with paper, in which make two or 
more holes, and observe where the beams of light reflected from these 
holes unite, and this will be the focal distance. 
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the mirror are converged and cross ; and if the spectator's 
eye is beyond this point or focus, he will not see the image 
behind the mirror, but before it, a shadowy form suspend- 
ed in the air, but from the crossing of the rays it appears 
inverted. 

If a person be placed directly before a large concave 
mirror, but further from it than its centre of concavity, 
he will see an inverted image of himself in the air, between 
him and the mirror, of a less size than his own person. If 
he hold out his hand towards the mirror, the hand of the 
image will come out towards his hand, and coincide with it, 
of an equal bulk when his hand is in the centre of conca- 
vity; and he will imagine he may shake hands with his 
image. If he reach his hand further, the hand of the image 
will pass by his hand, and come between it and his body ; 
and if he move his hand towards either side, the hand of 
the image will move towards the other ; so that whatever 
way the object moves, the image will move the contrary 
way. A by-stander will see nothing of the image, because 
none of the reflected rays that form it enter his eyes. 
From this remarkable property of a concave mirror to form 
an image in the air, mirrors of this sort are used to produce 
a variety of singular appearances, to amuse the curious, or 
to impose upon the ignorant and superstitious. A few of 
these experiments may be noticed. — If a fire be made in a 
large room, and a smooth mahogany table be placed at a 
considerable distance near the wall, before a large concave 
mirrbr, so situated that the light of the fire may be re- 
flected from the mirror to its focus upon the table, and a 
person stand by the table, he will see nothing upon it but a 
long beam of light ; but if he advance towards the fire, not 
directly between the fire and the mirror, he will see an 
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image of the fire upon the table, large and erect. If an- 
other persdn, who knows nothing of the experiment before- 
hand, should chance to enter the room, and look from the 
fire towards the table, he would be startled at the appear- 
ance; for the table would seem to be on fire. In this ex- 
periment, there should be no light in the room but what 
proceeds from the fire ; and the mirror ought to be at least 
fifteen inches in diameter. If the fire used in the last ex- 
periment be extinguished, or covered by a screen, and a 
large candle be placed in a similar position, a person stand- 
ing by the candle, will see the appearance of a star, or ra- 
ther planet, upon the table, as brilliant as Venus or Jupiter 
,in a cloudless sky; and if a slender wax-taper be then 
placed near the candle, a satellite to the planet will appear 
on the table; and on moving the taper round the candle, 
the mimic satellite will go round the planet. Another ex- 
periment may be adduced : — take a glass bottle, partly fill 
it with water, and cork it in the common manner: place 
this bottle opposite a concave mirror, and beyond its cen- 
tre of concavity, that it may appear reversed ; let ihe spec- 
tator retire to a still greater distance than the bottle, which 
he will then see in the air inverted, and the water, which is 
actually in the lower part of the bottle, will in the image 
appear uppermost. Invert the bottle whilst before the 
mirror, and in the image the water will appear in the 
lower part of the bottle ; when it is in this inverted ^tate, 
uncQrk the bottle^ and whilst the water is running out, the 
image will appear to be filling ; but as soon as the bottle 
is empty, the illusion ceases. As the image formed by a 
concave mirror may be thrown through a hole into an ad- 
joining room, where a spectator will in certain situations 
perceive the image of any object the concealed manager 
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may choose, it is evident how much the credulous may be 
imposed upon.* 

From what we have seen of the optical effects of a bent 
glass, it will be evident that an object of a certain size, 
placed either perpendicularly or obliquely before a convex 
mirror, will necessarily appear curved or bent, because the 
different points of the object are not at equal distances from 
the surface of the mirror. All these effects will be very ap- 
parent from inspecting one of the small glass globes, lined 
with common amalgam used for making looking-glasses; 
which are sometimes suspended in old-fashioned apartments. 
In these, the company seated in the room, or round the ta* 
hie, are represented by very minute images, which appear 
not at a certain distance behind, as in plain looking-glasses, 
but very near the surface of the mirror, and always in 
some degree curved or distorted. 

Mirrors are sometimes constructed for optical purposes^ 
which combine the effects of plain and spherical glasses. 
The properties of cylindrical mirrors are such that the di«- 
mension of objects, corresponding lengthwise to the mirror,' 
are not much changed ; but those corresponding breadth- 
wise, have their figure altered^ and their dimen^ons lessen- 
ed, the further they are from the mirror, whence arises a 
very great distortion. ^. If the plane of the reflection cut 
the cylindrical mirror through, the axis, the reflection is 

A few years back, a person derived considerable emolument from 
exhibiting in the metropolis some optical deceptions of this kind with 
concave mirrors. A ghastly apparition was sometimes made ta meet 
the uninitiated spectator, and from its shadowy appearance, was view- 
ed as something superhuman. At other times, a hand was held out 
in the air with every possible mark of friendship, but when he ap- 
proached to unite il with his own, a drawn sword w^s instantly pre- 
sented to fais breast. A nosegay, or a piece of fruit was offered, but 
when the spectator attempted to seize it, a death's head appeared. 
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performed in the same oaanper as in a jjane niirrDr ; and if 
parallel to the baae, the reflection is the aame as in a sphe-* 
rioal mirror ; if it cut it oUiq.udy, the reflection is the 
same as in an elliptic mirror. Hence, as the plane of re* 
flection never passes through the axis of the mirror, except 
when the eye and the object are in the same jiace ; nor pa- 
rallel to the base, except when the radiant point and the 
eye are at the same height; the reflection is therefore 
. usually the same as in an elliptic one. If a hcdiow cyhndric 
mirror be directly opposed to the sun, instead of a focus of 
a. point, the rays will be reflected into a lucid line paral- 
lel to its axis, at the distance of about one-fourth of its diar 
meter. Corneal mirrors produce a still more extraordinary 
distortion of the figures seen in them, than cylindrical ones, 
firom the breadth of the image being gradually reduced as 
it approaches the apex, where it becomes a mere point. 

The effect of a cylindrical mirror in diminishing the 
breadth of objects facing it, being the same as that of a conf- 
yex mirror of the same radius, and the effect of the conical 
mirror, at any given height, being regulated by the same 
principle, it becomes easy to draw anamorphoses for a cy- 
lindrical or conical mirror, of any size. The pictures called 
by this name, and which are sold with mixed mirrors by tbe 
opticians, appear very much distorted, but when placed be^ 
fore the mixed mirror for which they are intended, their 
images are well calculated for ordinary vision. 

We must not omit to notice some burning mirrors, which 
were celebrated on account of their size and extraordinary 
effectsi One of these optical machines was the work of 
Stettala, a canon of Milan ; it was parabolic, and, acting 
as a burning glass, inflamed wood at the distance of fifteen 
or sixteen paces. Yilette, an artist and optician of Lyons, 
constructed three, about the year 1670; one of which was 
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presented to the king of Persia ; the second was purchased 
by the king of Denmark ; and the third by the king <rf 
France. The one last mentioned was thirty inches in dia^ 
meter, and of about three feet focus. The rays of the sun 
were coUected by it into the space of about one inch. It 
immediately set fire to the greenest wood :. it fused silver 
and copper in a few seconds ; and in one minute vitrified 
brick and flint earth. A mirror superior even to these 
was constructed by Baron Von Tchivnhausen, about 1687 ; 
it consisted of a metal plate, twice as thick as the blade of 
a common knife ; it was five feet three inches in breadth,' 
and its focal distance was three feet si:|; inches ; it produced 
the following effects : . wood, exposed to its fociis, imme^ 
diately took fire ; copper and silver passed into fusion in a 
few minutes, and slate was transformed into a kind of black 
glass, which, when laid hold of with a pair of pincers, could 
be drawn out into filaments. Pumice stone and fragments 
of crucibles, which had withstood the most violent fur- 
naces, were also vitrified.*. . . 

Besides the properties of light to be reflected and trans-^ 
mitted, there are some, curious phenomena, arising from 
the attraction of. light When a ray of light enters any 
transparent medium, in a direction perpendicular to its 
«urface, the ray will maintain its. course in the same direc- 



* Burning-mirrors may be constructed of various other materials as^ 
well as metal ; and when formed of wood and leaf gold, nothing is ne- 
cessary but to ivLtn a piece of exceedingly dry and very hard wood into 
the form of. the segment of a concave sphere; to cover it in an iiniform 
inanner with a mixtuire of pitch, and .wax, and then apply bits of gold- 
leaf, about three or four inches in breadth. Instead of gold leaf, small 
plane mirrors might be adapted to the concavity, and the effect would 
be little inferior to that of a mirror made entirely of metal. Father 
John mentions a mirror made of pasteboard^ covered on the inside with' 
straw cemented to h, which was so powerful ^s.to fuse all metals. ^ 
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^n; biA if the ray of light make any angle less than a 
right'angle with the surface of the medium, it will not con- 
tinue in. the same direction, but will be drawn towards a 
jstraight line, perpendicular to the same ^urbucej and pass- 
ing through the medium at the point where the oblique 
ray enters. The angle which the incident ray makes with 
the perpendicular, is called the angle of incidence ; and the 

4 

angle which the ray makes with the same perpendicular, 
after it enters the medium, is called the angle of refraction. 
In all the degrees of obliquity at which a ray enters any 
medium, the sine of the angle of incidence has the same 
ratio to the sine of the angle of refraction. 




The ray, in the first instance, descends from B to C, 
and enters the flat plate of glass, which> i^ving a new di- 
rection, causes it to approach the perpendicular. - The ori* 
^Hal angular path, however^ is again resumed on arrivitig 
at I, though it will be obvious, that if the glass had not 
intervened, it would have continued in the direction of 
B H. If we suppose another ray to fall perpendicularly 
on a similar plane of glass,' as F K on L G, that ray will 
continue its course without being bent out of its ordinary 
direction.* 

* This principle will explain several of the common phenomena of 
nature. Mr. Walker observes^ that " many a schoolboy has lost his 
Hfe, by supposing- the. bottom of a clear river to be within his deptb» 
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Bodies differ very materially in their refractive power, 
and we niay here introdaoe a table, fomiiiig a raSdciitly 
numemus series for illustrating their properties in this re- 
spect : the connexion between thdr combustibility and re- 
fractive power will be apparent* 

Hydrogen .... 6.61486 

Diamond ..... 3J961 

OiiveOil .... 2.7684 

Alcohol , • . • . 8.2888 

Ammonia «... 8.16851 

Carburetted Hydrogen . 8.09870 

Gum Arabic .... 1.8886 

Water 17886 

Muriatic Ether, in gaseous state 1.71344 

Muriatic Acid Gas . 1.19686 

Nitrogen .... 1.08408 

Carbonic Acid .... 1.00476 

Atmospheric Air 1.00000 

Oxygen 0.86161 

as (when he stands on the bank) the bottom will appear one-fourth 
neslrer the surface Chan it really is.*' The skilful marksman who 
shoots a fish in the water wkh a bullet, takes his aim coHsidembly 1ms 
low ihe £sh as it appears, because k appears much nearer the top of 
the water than it really is. As the refraction in all cases must depend 
on the obliquity of the ray, that part of any body which is most im- 
mersed; will seeit^ to be most materrally altered by the refraction. 
Wheii, however, the object extends to no great depth in the water^ 
^e figure is not materially distorted ; but if the object is of a consider- 
able size, or extends to a great dc^th, those rays which proceed from 
the more distant extremities come in a more oblique direction on their 
emergence into the air, and, consequently, they suffer a greater Hfmo^ 
tion than the rest. Thus, a straight leaden pipe appears near the bot- 
tom of a deep water to be curved, and a fiat bason seems deeper in the 
middle than near the sides. 
The .refraction of light maybe thus iUu8tiated» without the aid of 
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By a reference to the preceding table, it will be found that 
inflammable bodies I'efract light much more than those* 
that are not inflammable. Sir Isaac Newton divided tlrah»« 
parent bodies into two classes, each of which had the poWer 
of refracting light The first consisted of the inflammable, 
in which it was much more than according to the ratio of 
their density. * 

The other class, which were not inflammable, appeared 
to obey the same law as to density, with the exception of 
the diamond, and water. The former of these refracted in 
the compound ratio of inflammability and density ; and al- 
though it was then not known to be inflammable, Newton 
strongly suspected it to be. entirely an inflammable body; 
and water, which appeared to have an intermediate power 
between the two classes, he supposed, was partly inflamma- 
hie. These prophetic observations have been verified, in 
the discovery of the diamond being pure carbon, and lii 
the decomposition of water. 

Finor to a &6re minute examination of the nature of at«> 
mospheric refraction, it may be advisable to illustrate its 
efle^ls by a simple figure. 

The central circle^ tepgpesenting the eartli, is surrpunded 
by a boundlu^ line of air. A person placed at p, is vieiv^ 
'mg the suiH or any mh» heavenly body at r, although it 
is fiot really Hbove tiie plane of the horizon h o. This ap» 

apparatus. Tak(i an empty bason into a dark room, make a small hole 
in the window shutter, so that a ray of light may proceed to the bot- 
tom at a given point : mark the spot : then, without disturbing the ba- 
son, pour water into it, and the ray, instead of proceeding to the point 
masked* will be beat out <if its lif st direction, and be Ibund at another 
point nearer tike side. In repeating the experiment, if a piece of look- 
ing-glass \>e laid at the bottom of the bason, the light will be reflected 
from it, and will be observed to suftsrtl^'e same kind atid degree of re- 
rMitkm in gotag out, ak in eottiag in, onljr in a eohtory direction. 
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par^Dtly paradoxical phenomenon is the result of refrac- 
tion, for the rays of light are bent out of their course on 
entering our atmosphere, and, as Buch, change the appa- 
rent poaitioQ of the hody. 






The quantity of terrestrial refraction vas estimated by Dr. 
Maskelynt at one-tenth of the distance of the object ob- 
seired, expressed in degrees of a great circle. Henec, if 
the distance be 10,000 fathoms, its tenth part, 1000 fa- 
thoms, is the 60th part of a degree, or one minute, which, 
therefore, is the refraction in altitude of the object at 
that distance. But Le Gendre was induced, by a variety 
of experiments, to allow only one-fourteenth part of the 
distance for the refraction in the altitude ; so that in the 
distance of 10,000 fathoms, the 14th part of which is 714 
fathoms, he allows oidy 44" of terrestrial refraction, so 
many being contained in 714 fathoms. Ag^n, Delamhre 
makes the quantity of terrestrial refraction to be one- 
seventh part of the arc of distance. And the English mea- 
surers, from many very exact observations, determine the 
quantity of the medium refraction to be a twelfth part of' 
the SEud distance. The mean of all these is about .085 of 
the ' int»cepted arc, which is probably not very far from 
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the truth : this quantity, however, it must be observed, is 
found to vary very considerably with the different states of 
the weather and atmosphere, from, one-seventh to one- 
eighteenth of the contained arc. 

Picard found by meridian altitudes of the sun, in 1669, 
.that it was greater, in winter than in summer. He found, 
,also, that it was less by day than by night. In tbe obser- 
vations given at the end of his journey to Uranibur^^ to 
settle the latitude of that place, and its difference of longi- 
tude, from Pari$, for the purpose of comparing the observa- 
tions of Tycho Bnihe with those made at the Royal Ob- 
servatory at Fari3, he found the horizontal refraction for 
the first limb of the sun that made its appearance above 
the horizon tliere 83'.2", and for the second 82'.87". So 
that in the small interval of time that the sun was in 
rising, the refraction was diminished twenty-five seconds 
by the warmth arising from the sun's presence. 

. It was soon found that the refracticm neai* the pole must 
be greater than in our climate, the degree of cold being 
more intense. It was . also found to be less in the torrid 
zone, where the heat is greater than in Europe. Bouguer 
made a variety of observations at Peru, the result of which 
he has given us. In 1740, he came down into an island 
situated in the river of Emeralds, called Isle of Inca, where 
he determined the refraction from 1^ to 7° of altitude; 
and the table which he afterwards computed, shows the re^ 
fraction to be about . one-seventh less than in Europe. 
The horizontal refraction he found to be ^' ; but at 6* 
of altitude it is TA" ; and at 45*", it is 44^'. Bouguer then 
gives a table for Quito, which is more elevated above the 
level of the sea. M. le Gentil found it greater at Pondi- 
cherry in India, although in the torrid zone. 

The most singular of all the phenomena of refraction is^ 
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perhaps, the property of some natural substances, which 
have a double effect on the light transmitted through them ; 
as if two mediums of different densities freely pervaded 
each other, the one only acting on some of the rays of 
light, the other on the remaining portion. These sub- 
stances are usually crystallized stones, and their i^efrac- 
tidns have sometimes no further peculiarity ; but the rhom- 
boidal crystals of calcareous spar, commonly calkd Iceland 
vrifstai, possess the remarkable property of sepamting 
nuch pencils of light, as fall perpendicularly on them, into 
two parts, one of them only being transmitted in the usual 
manner, the other being deflected towards the greater an^ 
of the crystal. It appears from the experiments df Huy- 
gens, confirmed and extended by Dr. Wollaston,that the me- 
dium which causes the unusual refraction, has a diflerent re- 
fractive power, according to the direction in whidi the light 
passes through it ; and that if an oblate or flattened sjAetdid 
be described within a circle, its axis being in the middle of 
one of the obtuse solid angles, and its principal diametars 
in the propcMTtion of 9 to 10, the refractive power, with re. 
spect to light passing in any direction, will always be in- 
versely as the diameter of the spheroid which is parallel to 
it ; and where it is greatest, will be equal to that of the 
medium which produces the usual refraction, of whidi the 
index is ''^. A ray of light falling perpendicularly on any 
surface of the spar, its point of incidence being considered 
as the centre of the spheroid, will meet the surface of die 

* The means of ascertaining the double refraction of substances are 
tery simple; the following is quoted byM. Soret: "Two pikAes of 
tsDurmaline, cut parallel to the axis of the crysud, tind placed eron* 
ways, so as to absorb all the light from the apparatus: the substance 
to be examined is to be placed within the plates ; if it is doubly re- 
fractive» the light re-appears through the tourmalines; if not^ all re- 
mains dark.'* 
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Spheroid at the point where it is parallel to that of the 
«par ; and a ray incident on the same surface in any other 
direction^ will preserve a relation to the perpendicular ray» 
which is nearly the same as in ordinary refraction. 

These phenomena will, however, be more fully examined 
under the artide polarization. 

We have hitherto considered the rays of light as per- 
fectly homogeneous; but Newton discovered at a very 
early period of his investigations, that what we call ^ite 
light, is, in reality, a compound of various-coloured rays 
differing in their refractive power. To experimentally il- 
lustrate this fact, it is only necessary to throw the ordinary 
sunbeam on a glass prism, and it will be found, that, in- 
stead of proceeding in its ordinary course, the ray will be 
decomposed, and show a coloured spectrum. 

Newton thus describe his mode ol performing this ex- 
periment, with reference to an engraved figure. 




^^ In a very dark chamber, at a round hole B, about one^ 
tl^rd of an inch broad, made in* the shut of a witidow, I 
placed a glass prism ACE, whereby the beam of the sun^ft 
Ught B 6, which came in at that hole, might be refracted 
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upwards, towards the opposite wall of the chamber, and 
there form a coloured image of the sun, represented at S O. 
The axis of the prism (that is, the line passing through the 
middle of the prism, from one end of it to the other end, pa- 
rallel to the edge of the refracting angle,) was in this, and the 
following experiments, perpendicular to the incident rays. 
About this axi^ I turned the prism slowly, ancT saw the 
refracted light on the wall, or coloured image of the sun, 
first to descend, and then to ascend. Between the descent 
and ascent, when the image seemed stationary, I stopped 
the prism and fixed it in that posture. 

^^ Then I let the refracted light fall perpendicularly upon 
41 sheet of white paper D F, placed at the opposite wall of 
the chamber, and observed the figure and dimensions of 
the solar image S O, formed on the paper by that light 
This image was oblong, and not oval, but terminated by 
two rectilinear and parallel sides, and two semicircular 
ends. On its sides it was bounded pretty distinctly ; but 
on its ends very confusedly and indistinctly, the light there 
decaying and vanishing by degrees. At the distance of 
18i feet from the prism, the breadth of the image wa$ 
about S| inches, but its length was about lO:^ inches, and 
the length of its rectilinear sides about 8 inchea; and the 
refracting angle of the prism, whereby so great a length 
was made, was 64 degrees.^ With a less angle, the length 
of the image was less, the breadth remaining the same. It 
is farther to be observed, that the rays went on in straight 
lines from the prism to the image, and, therefore, at their 
going out of the prism, had all that inclination to one an^ 
other, from which the length of the image proceeded. This 
in^age S Q was coloured, and the more eminent colours 
red, orange, yellow, green, blue, indigo, violet, together 
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with all their intermediate degrees, iti a continual isuc- 
cession^ perpetually varying.'" 

The philosopher continued his experiments ; and by 
making the rays thus decompounded pass through a second 
prism, he states, though erroneously, that they did not ad- 
mit of farther decomposition, and that objects placed in the 
rays producing one colour, always appeared to be of that 
colour. He then examined the ratio between the sines of 
incidence and refraction of these decompounded rays, and 
found that each of the seven primary colour-making rays, 
as they may be called, had certain limits within which they 
were con^ned. Thus, let the sine of incidence in glass be 
divided into fifty equal parts ; the sine of refraction into 
air of the least and most refrangible rays, will contain re- 
spectively 77 and 78 such parts. The sines of refraction 
of all the degrees of red will have the intermediate degrees 
of magnitude, from 77 to 77i ; orange from 77^ to 77^ ; 
yellow from 77i to 77i; green from 77^ to 77^; blue 
from 77| to 77i ; indigo from 77| to 77t ; and violet 
from 77i to 78. 

From this small number of simple sensations, then, with 
their combinations, we obtain seven primitive distinctions 
of colours : but the different proportions in which they 
may be combined, affcn'd a variety of tints beyond all cal- 
culation. If we suppose three simple sensations, consist- 
ing of red, green, i^nd violet, the three binary combinations 
are yellow, consisting of red and green; crimson, of red 
and violet; and blue, of green and violet ; and the seventh 
in ordery is white light, composed by all the three united. 
But the blue thus produced, by combining the whole of the 
green and violet rays, is not the blue of the spectrum, for 
four papts'of green and one of violet make a blue^ differing 
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vecy little from green ; while the blue of the spectnun ap-^ 
pears to contain as much violet as green : and it is for this 
reason that red and blue usually make a purple, deriving its 
hue from the predominance of the violet. 

The scientific world is indebted to Mr. Kent for a very 
evtrious series pf experiments, tending to illusU'ate the ana- 
lysis of white light. They go to prove that the solar beam 
may be reduced into three primary colours, Mr. Kent 
thu9 describes his experiments. 

I threw the colours of the prism on a screen, eleven feet 
distant) and having placed the lens between them, and only 
two inches from the prism, I found the prismatic colours 
magnified, and in the same order, to the extent of two 
feet six inches in width, and one foot three inches in depth* 
la this case, the sun's rays were admitted through a Ve- 
netian blind ; but when admitted through a hole in a, shut- 
ter, of five ii^ches by four, the dimension was only two feet 
by nine inches. 

Having placed the len3 at the focal distance of two feet 
three inches from the prism, the figure of the prism was 
clearly defined, without exhibiting any prismatic colours 
whatever on the sci*een. 

I placed the lens three feet from the prism, which pro- 
duced only the figure of the prism, having the violet ray 
at the bottom, and the yellow above. 

When the lens was five feet from the prism, the figure 
of it was distinctly seen with the prismatic colours re- 
versed. 

. I placed the lens behind the prism, and threw the sunV 
rays on it at its focal distance, two feet three inches, 
when the prismatic colours were increased, both in bril- 
liancy and magnitude, considerably more than in the first 
experiment. 
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I put the lens within the focal distance of the screen, 
when a small figure of the prism was seen very bright, but 
without any prismatic colour* 

Having placed the leas as in the second experiment, 
when no prkniatic rays were produced, but a p^ect spec- 
trum of the prism in a strong white light ; I then placed 
another prism in the focus of the lens, and to my surprise 
it produced three colours cmly : viz. yellow of a greenish 
tint,, red, and deep violet. Wishing to ascertain if those 
three colours were neutral, I tried them with a third 
prism, and found not tlie slightest alteration ; and having 
placed a card so as to receive them, I found, on giving it 
a whirling motion, that the colours were entirely lost.* 

If by n^ans of two jnisms, a small piece of pap^ be iU 
llm^nated, the one half with red« and the other half with 
vif^. light;, and an observer view the same through an- 
other prism, the paper will, by the different refirangibility 
of die rays,, appear divided into two. .For the violet half 
being seen by a more r^rangible li^t, will aj^aar to be 
carried £ai!ther from its true place than the red, and will, 
therefore, seem to be separated from it The same is like- 
wise true of cdours which arise ftom the separation of 
li^t, which is made by bodies on which it falls, and which 
we are apt to call natural colours ; for if a paper be paint- 
ed^ the one half with a lively red, and the other half 
with an indigo, and it be {daced in the sunV light, it will 
in the same manner appear divided, if viewed through a 
prism. 

From what has been stated, the principal phenomena of 
colours may, without much difficulty, be explained. If all 

* Mr. Kent says, that the prism he used in his experiments, was 
five laoHes king, and the side planet one inch hroad ; the lens being 
«ix iiicbes in diameter, w ith a focjus of two feet three inches. 



32 PHENOMENA OF COLOtTRS. 

the different-coloured rays which the prism affords are re- 
united in the focus of a convex lens^ the produce will be 
white ; yet these same rays, which, taken together, form 
white, give, after the point of their re-union, that is, beyond 
the point where they cross each other, the same colours as 
those which departed from the prism, but in a reversed order, 
by the crossing of the rays ; the reason of which is clear ; for 
the ray being white before it was divided by the prism, 
must necessarily become so by the re>union of its parts, 
which the difference of refrangibility had separated, and 
this re-union cannot in any manner tend to alter or destroy 
the nature of the colours; it foUows, then, that they must 
appear again beyond the point of crossing. A similar ef- 
fect will be produced if the dispersed rays are received 
from the prism upon a concave reflector. In the focus of 
the reflector, they will unite and form a white or coloilrless 
image of the sun. But it is curious to remark, that if any 
one of the colours is stopped in its progress to the refleo^ 
tor by the interposition of a wire, or any other slender 
opake body, then the image in the focus will be an imper- 
fect white, or a mixed colour. Beyond the focus, the rays 
separate again, as in the case of their passing through a 
convex lens, and form the coloured spectrum ; only the or- 
der of the colours, from the crossing of the rays, is invert^. 
Having thus, by analysis, shown that white light may be 
decomposed, or reduced to what may at present be consi- 
dered as its primary elements, it may now be advisaUe 
to show how its re-union may be effected, and we shall thus 
S3n3thet]cally illustrate its nature. This is usually accom- 
plished by whirling colours in the proportions already de- 
scribed, painted on a small disc of card, by njeans of a pin 
thrust through the centre. The same effect may, however, 
be more readily produced by painting on the surface of a 
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board, the various tints being exactly neutralised by ac- 
tual experiment, and attaching the screen to the axis of a 
whirUng table. If this, plan be resoited to, the most vivid 
tints, may be blended^ and a perfectly white ground pro- 
duced.* 

It was. originally remarked by Newton, .and the fact 
has since been confirmed by the experiments of Dr. Hers- 
chel, that tjie different-coloured rays have not the same 
illuminating power. The violet rays appear. to hav^ the 
least luminous effect : the indigo more ; and the effect in- 
creases in the order of the colours, the green being tvery 
.gr^at; between tlie-green and the yellow the greatest of all ; 
the yellow the same as the green, but the red less than the 
yellow. . ' 

When the solar rays are passed through a contex lens^ or 
reflected from a concave, a very intense heat is produced by 
the concentration of the rays. Count Rumford has shown, 
that when the rays of the sun are made to pass through a 
. certain aperture, and fall upon any substance to be heated, 
while the same area of hght is made to pass through a lens,^ 
in the focus of which the same quantity of matter is to be 
heated, they become heated iii the same time to the same 
degree. Nothing is better known, in short, than that^the 
rays of the sun are capaUe of exciting sensible heat. 
Newton, and the philosophers of his age, accounted for 
heat by the. motion excited in the parts of the body by: the 
agitating power of the absorbed light. Melville suppose 
that the heat was expelled from the terrestrial matter by 
the light. At present, it is generally adnutted, on the 
strength of some valuable experimentp to which we have 

* If the whole spectrum be divided into 360 equal parts, the red 
will occupy 45 of them, the orange 27, the yellow 48, the green 60, 
the blue 60, the indigo 40, and the violet 90. v 
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34 CALOBIFIC BAT8. 

already alluded, that the rays of light and caloric are ae* 
parately emitted from the sun, the luminous rays pro- 
ducing light, and the caloric, heat 

Sir William Herschel introduced a beam of light into a 
dark room, which was decomposed by a prism, and then 
exposed a very sensible thermometer to all the rays, in 
succession, and observed the heights to which it rose in a 
given time. He thus determined, that the heating power 
of the red, to that of the green rays, was ^ to 1 ; and S^ 
to 1, in red to violet. 

On repeating these experiments, he found that the great* 
est quantity of calorific rays were even beyond the colour- 
ed spectrum at about half an inch from the commencement 
of the red raysv At a greater distance from this point, it 
began to diminish, but was very perceptible even at the 
distance of 1^ inch. 

It will appear, from what has been stated, that these ca« 
lorific rays are less refrangible than the rays <^ light ; 
hence the calorific focus will fall beyond that of the lumi- 
nous. Dr. Herschel made an experiment to verify this in* 
ference, but did not come at any thing conclusive. He af- 
terwards made experiments to collect these invisible caloric 
fie rays, and caused them to act independently of the light ; 
by which he concludes, that they are sufficient to account 
for all the effects produced by the solar rays in exdtii^ 
heat ; that they are capable of passing through glass, and 
of being refracted and reflected, after they have been 
finally detached from the solar beam. 

Dr. Morichini appears to have been the first person to 
point out the connection between light and magnetum. To 
experimentally illustrate this important fact, he employed 
a prism, and caused the decomposed rays to fall on a series 
ot small needles, and the needle intersected by the violet 
ray was soon found to acquire permanent polarity. It has 
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since been ascertained, that this property is not peculiar to 
the violet ray, but extends, though in a less degree, through 
several other rays in the series. 

The phenomena arising from atmospheric refractum may 
be best understood by an examination of the apparent alter- 
ation in the colours of the heavens. 

If the light of the setting-sun, by passing through a long 
tract of air, be divested of a portion of its rays, the remain- 
der which is. transmitted, will illuminate the western clouds 
with an orange colour, and as the sun sets more and more^ 
a greater number are reflected, while the clouds grow more 
deeply red, till at length the entire cbsappearance t>f the sun 
leaves them of a leaden hue. 

When a direct spectrum is thrown on colours darker 
than itself, it mixes with them ; as the yellow spectrum of 
the setting sun, thrown on the green grass, becomes a 
greener yellow. But. when a direct spectrum is thrown on 
colours brighter than itself, it becomes instantly changed 
into the reverse specirum, which mixes with those brighter 
colours. So the yellow spectrum of the setting sun. thrown 
on the luminous sky, becomes blue, and changes with the 
coloiu* or brightness of the clouds on which it appears. 
But the reverse spectrum mixes with every kind pf colour 
on which it is thrown, whether brighter than itself, or not : 
thus, the reverse spectrum, obtained by viewing a piece of 
yellow silk, when thrown on white paper, was a lucid blue- 
green ; when thrown on black Turkey leather, becomes a 
deep violet: and the spectrum of blue silk, thrown on 
white paper, was a light yellow ; on black silk, was an ob- 
scure orange ; and the blue spectrum obtained from orange- 
coloured silk, thrown on yellow, became a green. 

Of the natural phenomena produced occasionally by the 
separation of the primary colours, the rainbow is one of the 

d2 
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most beautiful. This meteor^ which in poetical language 
is called the t'm, never makes its appearance, except when 
the spectator is situated between the sun anil a shower of 
rain ; and that this conclusion is just, any one may satisfy 
himself by the following experiment : fill a hollow glass 
globe with water, and suspend it in the sun, in such a man- 
ner that it may be raised or lowered at pleasure ; at a cer- 
tain height above the eye of the spectator, wlio looks at it 
with his back to the sun, the globe will appear to be red ; 
let it then be slowly lowered, and it will appear to be 
orange, and afterwards, in succession, as it descends, it will 
appear yellow, green, blue, indigo, and violet. Hence the 
same drop of rain, which must be considered a^ a httle 
globe, supplies all the seven colours to the eye. There are 
'sometimes two rainbows seen at the same time, one wiUiin 
the other, and, what may seem remarkable, the order of the 
colours of the exterior bow is the reverse of that of the in* 
terior one. When two bows are seen, the exterior one is 
comparatively faint, and it is, therefore, sometimes called the 
false or secondary bow ; while the greater distinctness of the 
interior one has obtained for it the appellation of the pri- 
mary bow. To trace the progress of a ray of light through 
a drop of rain in each of these bows, will explain the:cause 
of their differing in brightness. In the true or primary 
bow, the rays of light arrive at the spectator's eye after 
two refractions and one reflection.* 

• The rainbow was one of those phenomena which astonished and 
perplexed the ancients ; and, after many absurd and unsuccessful con- 
jectures, their best philosophers, Pliny and Plutarch, relinquished the 
enquiry as one which was above the reach of human investigation. In 
the year 1611, Antonio de Domiuis made a considerable advance, 
however, towards tl^e theory of the rainbow, by suspending a glass 
globe in the sun's light, when he found that, while he stood with his 
back to the sun, the colours of the rainbow w^rc reflected to his eye 
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Thus, let A, in the above diagram, be a drop of rain, and 
S a ray from the sun falling on the upper part of the drop. 
It will suffer a refraction, and instead of going forward 
in a right line, it will be bent to n ; at ft, part of it will 
emerge^ but the* remainder will be reflected to g; at g 
it will be again refracted on passing . into the air towards 
the eye at h ; being thus twice refracted and once reflected, 
the ray is separated into its primitive colours ; the red 
part, which is least thrown oiit of its course, makes an an- 
gle, at its emergence, with the incident solar ray of forty 
degrees two minutes, as Sf h ; and the violet, being the 
most easUy thrown out of its course, makes with the so- 
lar light an angle of forty degrees seventeen minutes. 
The diffisrent colours, therefore, at the distance of the 
spectator, are considerably separated^ and affect the eye 
in succession with the seven colours ; but the succession 
is so quick, and so many drops fall through the same cir- 
cuit in the same time,^ that the mind loses the idea of 
succession, and the bow seepis permanent as long as the 
shower continues in a proper direction for the eye. 

in succession by the globe, as it was moved higher or lower. He was, 
however, unable to account for the production of the different colours, 
as the experiments with the prism had not y£t been made, and it was 
reserved for Newton. to perfect the discovery. 
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The exterior or secondary bow is formed by two re- 
flections and two refractions. Let B represent one of the 
drops of rain forming this bow ; a ray, T, from the sun, 
falling upon it at r, is refracted^ and falls upon the back o£ 
the drop at s ; from the transparency of the drop, a portion 
of it passes through towards Wy but the remainder of it is 
reflected towards t ; here again, for the same reason as be- 
fore, part of it emerges from the drop, in the direction r, 
but the portion still left is reflected to w, where it is refract- 
ed towards the spectator,* with the red rays uppermost. 
The great quantity of light lost at each reflection, is the 
cause of the indistinctness of thi« bow, and therefore we 
cannot be surprised that we rarely, if ever, see bows form- 
ed by a still greater number of reflections within the drops; 
for though they may exist, they are too fAint to be seen. 
The secondary bow cannot be seen wHen the elevation of, 
the sun is above fifty-four degrees seven minutes, and it is 
broader than the interior bow, because the rays are more 
dispersed before they reach' the eye. 

Very beautiful efiects resulting from the decomposition of 
white light are visible on the surface of the feathers of birds, 
Imd are also exhibited on the surface of mother-of-pearl, and 
may readily be imitated on steel, and most transparent bodies. 
Dr. Brewster, while pursuing a series of experimental in- 
vestigations on this subject, found, by the aid of the micro- 
scope, that they arose from grooves in the striated surface ; 
that they were produced when the flat surface was un- 
polished, and that they could be communicated to wax, 
gum-arabic, tinfoil, the fusible metal, and even to lead, by 
hard pressure, or the blow of a hammer. He determined 
also, that the mottled colours upon all bodies with an im- 
perfect polish, and the scratches or grooves upon polished 
metals, could be communicated to wax and other sub- 
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stances. The same structure which gives these communi- 
cable colours, he succeeded in producing artificially on the 
iturface of calves-feet-jelly, that had been boiled a consider- 
able time ; and he discovered, with a powerful microscope, 
the same minute grooves which exist in motber-*of-pearl, 
and they were so near one another, that some thousands of 
them must have been contained in a single inch. These 
grooves were completely visible to the unassisted eye, but 
they gave in a very distinct manner the colours of mother- 
of-pearl. 

Mr. Barton, of the Mint, has succeeded in ornamenting 
steel and other articles, with the colours of striated sur- > 
faces, and of applying this principle to practical purposes. 

In applying the principle of striated colours to ornament 
steel, the effect, or pattern, is produced upon the polished 
siirfSftce by 'the point of the diamond, so that either the 
whole or a part of the surface is covered with lines or 
grooves, whose distance may vary from the 1000th to the 
10.000th of an inch. When these lines are most distant, 
the prismatic images of the candle, or any luminous body, 
seen by reflection from the polished surface, are nearest 
one another, and the common colourless image ; and when 
the lines are least distant, the coloured images are farthest 
from one another, and the colours are most vivid. 

In daylight, the colours produced by these minute 
grooves are scarcely distinguishable, unless at the boundary 
between a dark and a luminous object. In sharp lights, 
however, and particularly in that of the sun, the colours 
shine with extraordinary brilliancy, and the beautiful tints 
which accompany every luminous image, can only be 
equalled by their matchless exhibition on the reflections of 
the diamond. 

The colours transmitted by plates of glass containing a 
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film of air or water, are well worth an attentive examina- 
tion. The plates of reflection or transmission of the several 
colours in a series are so near each other, that the colours di- 
lute each other by mixture, whence the number of series in 
the open 'daylight seldom exceeds seven or eight : but if 
the system be viewed through a prism, 1>y which means the 
rings of various colours are separated, according to their 
refrangibihties, they may be seen on that side towards 
which the refraction is made, so numerous, that it is im- 
possible to count them. Or, if in a dark chamber, the 
suh^s light be separated into its original rays by a prism, 
and a ray of one uncompounded colour be reiceived upon two 
glasses, the number of circles will become very numerous. 
In this experiment it is also seen, that in any series, the 
circles formed by the less refrangible rays exceed in ma^ 
nitude those which are formed by the more refrangible 
rays, and, consequently, that in any series, the more refran- 
gible rays are reflected at less thicknesses than those which 
are less refrangible. If the light be incident obliquely, 
the rings of colours dilate and enlarge themselves ; whence 
it foUows, that the thickness required to reflect the colours 
of any series is different in different obliquities. 

Water, applied to the edges of the glasses, is attracted 
between - them, and filling all the intercedent space; be- 
comes a thin plate similar to the air. In this case, the 'rings 
become much fainter, but vary not in their species, and are 
QOQtracted in diameter nearly in the proportion of 7 to 8; 
consequently the intervals of the glasses, at like circles, 
caused by these two mediums, water and air, are as about 
3 to 4 ; that is, nearly as the sines which measure the 
angles of incidence and refraction, made at a common stir- 
face between them. And hence it may be suspected, that 
if any other medium, more or less dense than water, be 
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compressed between the two glasses, their intervals at the 
rings caused thereby, will be to the intervals at which si- 
milar rings are caused by the interjacent air, as the sine 
which measures the refraction made out of air into that 
medium is to the sine of the incidence on the common sur- 
face. 

These are some of the phenomena of light incident on 
mediums which are environed by mediums of greater den- 
sity, as. air or water, compressed or included between plates 
of .^ass. The same appearances follow, though with some 
little variation, when the colorific medium is denser than 
that in which it is inclosed. 

It is well known that bubbles blown in soap-water ex- 
hibit a great variety of colours ; but as these colours are 
commonly too much agitated by the external air to adfnit 
of any certain observation, it is necessary that the bubble 
be covered with a clear glass, in which situation the fol- 
lowing appearances ensue : the colours emerge froAi th^ 
vertex or top of the bubble, and as it grows thinner by the 
stdisidence of the water, they dilate into circles or rings, pa- 
rallel to the horizon, which slowly descend and vanish suc- 
cessively at the bottom. This emergence continues till 
the water at the vertex becomes too thin to rfeflect the 
light, at which time a circular spot of an intense black- 
ness appears at the top, which slowly dilates, sometimes 
to three-quarters of an inch in breadth, before the bubble 
breaks. 

The refraction of light, we have seen, is attributed to -a 
power of attraction appertaining to all bodies, and exerted 
at alitUe distance from their surfaces; reflection, on the 
contrary, is produced by a power of repulsion, and also 
takes effect before the light' actually strikes the reflecting 
surface. If these attractive and repulsive energies have 
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any real existence, the rays of light, under certain circum- 
stances, will be bent, in a manner that cannot be classed 
under either refraction or reflection. Accordingly, we find, 
that if a ray of light pass very near a body, without im- 
pinging upon it, it is bent inwards, or towards the body ; 
this change in the direction* of the ray is called inflection :-^ 
if the ray pass at a greater distance, it is bent outwards, or 
from the body : — this change in the direction of the ray is 
called deflection. When a beam of the sun^s light passes 
through a hole in a window shutter, the image thrown up- 
on a screen or an opposite wall, is larger than it would be 
if the rays> crossing at the aperture, proceeded in straight 
lines from the circumference of the sun^s disk to the wall. 
It becomes, therefore, an object of enquiry, to determine 
the cause by which it has been expanded ; and we find on 
close examination, that the side of the aperture has infiect- 
ed, or caused it to diverge from the axis of the beam, the 
rays which have passed near it all around. Inflection was 
first discovered by Grimaldi, who made many curious ex- 
periments and observations relative to it; but the following 
experiments of Sir Isaac Newton will be better adapted 
than Grimaldi^s to explain the nature of this property of 
light. At the distance of two or three feet from the win- 
dow of a darkened room, in which there was a hole three- 
fourths of an inch broad, to admit the light, he placed a 
black sheet of pasteboard, having in the middle a hole about 
a quarter of an inch square, and behind the hole the blade of 
a sharp knife, to intercept a small part of the light which 
would otherwise have passed through the hole. The planes 
of the pasteboard and blade were parallel to each other, and 
when the pasteboard was removed to such a distance from 
the window, that all the light coming into the room must 
pass through this hole in the pasteboiM^d, he received what 
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came through the hole on a piece of paper, two or three feet 
beyond the knife, and perceived two streams of faint light 
shooting out both ways, from the beam of light into the sha- 
dow. As the brightness of the direct rays obscured the 
fainter light, by making a hole in his paper he let them 
pass through, and had thus an opportunity of attending 
closely to the two streams, which were nearly equal in 
length, breadth, and quantity of light. That part which 
was nearest to the sun^s direct light, was pretty strong for 
the space of about a quarter of an inch, decreasing gradu« 
ally till it became imperceptible ; and at the edge of the 
knife it subtended an angle of about twelve, or at most of 
fourteen degrees. Another knife was then placed opposite 
to the former, and he observed, that when the distance of 
their edges was about the four-hundredth part of an inch, 
the stream divided in the middle, and left a shadow be- 
tween the two parts, which was so dark that all the light 
passing between the knives seemed to be bent to each 
other ; this shadow grew broader, till upon the contact of 
the knives the whole light disappeared. He observed, al- 
so, fringes of different-coloured light, three made on <»ie 
side by the edge of one knife, and three on the other side 
by the edge of the other. Grimaldi, Dr. Hooke, and all 
the philosophers who made experiments on inflection before 
the time of Newton, ascribed the broad shadows, and even 
the fringes which he mentions, to the ordinary refraction of 
the air; but the investigation upon which he entered to 
discover their cause, afforded him satisfactory evidence to 
eonclude that bodies have the power of acting upon light 
at a distance. 

We must now briefly notice the experiments of Mr. 
Brougham on this interesting subject : they are detailed in 
thcf Transactions of the Royal Sodety for 1796. He com- 
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menced by admitting a beam from the sun into a darkened 
room, through a hole in a metal plate (fixed in the window 
shutter) of ^th of an inch in diameter ; and all other light 
being absorbed by black cloth hung before the window in 
the room, at the hole he placed a prism of glass, whose re- 
fracting angle was 45°, and which was covered all over 
with black paper, except a small part on each side, which 
was free from impurities, and through which the light was 
refracted, so as to form a distinct and homogeneous spec- 
trum on a sheet of paper, at six feet from the window. 
In the rays, at two feet from the prism, he placed a black 
unpolished pin, one-tenth of an inch in diameter, parallel 
to the paper, in a vertical position, its shadow was formed 
in the spectrum on the paper, and had a considerable pen- 
umbra, especially in the brightest red. It varied very 
materially in its width ; in the violet, it was broadest and 
most distinct ; in the red, it was narrowest and most con- 
fused ; and in the intermediate colours, it was of an inter- 
mediate degree of distinctness. It was not bounded by 
straight, but by curvilinear sides, which were concave but- 
wig*dly. This figure of the shadow was not owing to any 
irregularity in the pin, for the same thing happened with 
all sorts of bodies that 'were used ; and also, if the prismt 
was caused to revolve on its axis, so that the colours might 
ascend and descend on these bodies, still, wherever the red 
feU, it made the least, and the violet the greatest shadow* 
In the next place, he fixed a screen, having in it a large hole, 
on which was a brass plate, pierced with a small hole of 
4^ of an inch in diameter; then causing an assistant to 
move the prism slowly on its axis, he observed the round 
image made by the different rays passing through the hole to 
the paper ; that made by the red was greatest ; «by the vio- 
let, least; and by the intermediate rays of an intermediate 
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size. When he employed the sharp blade of a knife, so as 
to produce the fringes mentioned by Grimaldi and Newton, 
those fringes in the red were broadest, and most moved in- 
wards to the shadow, and most dilated when the knife was 
moved over the hole ; and the hole itself on the paper was 
more dilated during the motion, when illuminated by the 
red, than when illuminated by any of the other rays, and 
least of all when illuminated by the violet. From these, and 
a great variety of other experiments, well devised, and often 
repeated with the greatest care, he infers, that the rays of 
light are separable into their primitive colours, by inflection, 
deflection, and reflection, as well as by refraction ; that these 
properties of the rays are inversely as their refrangibilities; 
that is, those which deviate the least by refraction, deviate 
the most by flection ^ and are reflected the farthest from 
the perpendicular ; attd that these difierent phenomena 
are all produced by the diflerences in the magnitude of 
the particles. He calculates that the size of the red parti- 
cles are to those of the violet as 1275 to 1253. This he 
extends to all the other colours by similar calculations, 
their sizes lying between 1275 . and 1253 ; which are the 
extreme red, and extreme violet ; the red, therefore, ac- 
cording to this hypothesis, is from 1275 to 1272^; the 
orange from 1272^ to 1270;' the yellow from 1270 to 
1267; the green from 1267 to 1264; the blue from 1264 
to 1260; the indigo from 1260:^ 1258; and the violet 
from 1258 to 1253. ^ ^ 

The polarization of light is an impoHant part q£ the 
science of optics. Jt has been usual to commence this 
subject by considering the well-known phenomenon of dou- 
ble refraction, which is exhibited by all crystals, the pri- 
mitive form of which is neither the cube nor regular hexa- 
hedron. Of all known bodies, the Iceland spar, or rhom- 




46 POLARIZATION OF LIGHT. 

boidal caibonate of lime, shows the fact with the greatest 
ceftaintj; and as it is a mineral easily procured, and of 
soffideut size and transparency, it has been generally made 
use of for this purpose. The crystals of this substance 
hare the form of a rhomlxHd, having six 
acute solid angles, and two obtuse. These 
last, X and x, fig. 1, are formed by the 
junction of three equal plane angles, which 
are equaUy inclined to each other. The 
Kn« f > Jr> joining these two angles, is, therefore, similarly 
situated with respect to the three planes forming eadi 
angle, and is called the axis of the crtfstaL A plane, per- 
pendicular to the natural surface of the crystal, and ocHn- 
dding with this line, is called its principal stction^ which 
term is also appUed to any plane parallel to this section. 

It is well known, that an object seen through the crystal 
in its natural form (that form to which it is easily brought 
by cleavage,) will give two images, one of which will ap- 
pear in its situation according to the common law of 
refraction, while the other will be observed 
thrown towards the lower obtuse angle, 
but always in the plane of the principal 
section. (The most convenient method 
to examine these facts, is to pierce a small 
hole through any opaque plate, which may 
be applied to the lower surface of the crys- ^ e o ^ 
tal, and directed to a sheet of white paper.) Let x A, 
X B^fig. 2, be the principal section of the crystal, and L a 
pencil of light falling on its surface : one part of the light 
will proceed in the ordinary direction, (we will suppose 
perpendicularly,) and is, therefore, called the ordinary ray, 
while the other portion of the light deviates coniaderably 
from this direction, and is caUed the • extraordinary ray. 
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In fig. 2. 1 will represent the ordinary, and I e the extra- 
ordinary ray. 

Let the crystal be cut by two planes A B, and C D; 
fig. 3. parallel to the axis, and two other planes A C, and 
D B, perpendicular to the axis, to allow an object to be 
seen through it in the direction A C, or A B, it will be 
found that the two images will be farther separated, viewed 

Fig.S. 



^•VkVo>^»« — • 



in the direction A C, which is perpendicular to the axis, 
while in the direction of the axis there will be only one 
image. The inference from these experiments is, that 
there exists some peculiar force acting on the light passing 
through the crystal, producing a separation of the rays, 
and that this force emanates from the axis itself. As this 
produces a deviation of the second image towards, or from, 
the axis of the crystal, it is considered as positive or nega- 
tive, or according to Biot, attractive or repulsive. 

The two rays into which a pencil of light is divided in 
passing through a crystal of Iceland spar^ are always of the 
same intensity, and always in the plane of the principal 
section. But the two emerging rays are not only dimi- 
nished in intensity by the division of the light between 
them, but have undergone a most important modification* 
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If the rays be made to pass through another crystal, placed 
similarly to the first, there will be no subdivision of the 
light ; the two images will be merely separated to a greater 
distance, from the increased thickness through which the 
light passes. If now the two crystals are so placed, that 
the principal sections are at right angles to each other, 
there will still be only two images, but the ray ordinarily 
refracted in the first;, will become extraordinary in the se- 
cond, and the extraordinary, ordinary. But at all inter- 
mediate positions of the two crystals there will be a sub* 
division of each ray, and consequently four images : these 
four images will be of equal intensity when the principal 
sections of the two crystals are at an angle of ^° to each 
other; at all other angles, one or other of the images di- 
minish in intensity, as the principal sections approach to a 
perpendicular, or to a parallelism; not by the coalescence 
of the two images, but by the gradual diminution of the 
intensity of one, and by the augmentation of that of the 
other. In the three diagrams, fig. 4, 5, and 6, we have 
supposed the rhomboids reduced to the form of cubes r 
in each the axis is denoted by x x, the direction of the rays 
by the lines passing through the figure, and the extraordi- 
nary and ordinary rays by the letters e and o. It is thus 
seen that each emerging ray is only subject to a farther di- 
vision, in particular positions of th.e second crystal ; where- 
at natural light is always divided into two portions of equal 
intensity. Each ray suffers a physical change; it. is not 
acted on by the force of the second crystal, as natural light 
would be, but requires that the force be applied in a par- 
ticular direction relatively to the modification it has re- 
ceived from' the first crystal. This has been called polari- 
zation. We know nothing of the poles, nor. of the mole- 
cules to which these poles are said to beloiig ; polarization 
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must be conudered merely as a conventional tenn to ex- 
press a phenomenon ; and to avoid the repetition of the 
conditions producing it, it is usual to consider the poles of 
the ordinary ray as coinciding with tiie principal section of 
the crystal, and those of the extraordinary ray with a plane 
perpendicular to it. 
Fig. 4. 



Rg.4. 




In these experiments an effect is produced on the two 
rays, by their pas^ng through a crystal, which so modifies 
them, that it requires the action of a second crystal to be 
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exerted in two directions, at right angles to each other, to 
produce a similar effect. As direct light is always divided 
into two rays of equal intensity by a double refracting crys- 
tal, it may be used as a test to discover and ascertain the 
direction of polarization. 

When light is reflected from the surface of transparent 
bodies, it is found to be polarized in the plane of reflection, 
more or less completely, according to the angle formed 
with the surface. This angle varies for different substances, 
and to Dr. Brewster we are indebted for a law connecting 
the angle with the index of refraction of the given body, 
viz. ^^ that the tangent of the angle of polarization mea- 
sured from the perpendicular, is equal to the index of re- 
fraction,'^ when complete polarization, or the greatest the 
body is capable of, is produced. 

The index of refraction is a number having the same 
proportion to 1, that the sine of the angle of incidence has 
to the sine of the angle of refraction. It is, therefore, con- 
stant for all angles of incidence in the same body. It is 
generally calculated for light passing from a vacuum into 
the given body. 

From this law are deduced three consequences : — 

1« That the complement of the angle of polarization is 
equal to the angle of refraction. 

2, That the reflected ray is perpendicular to the refract- 
ed ray. 

8. That the angles of polarization and refraction are to- 
gether equal to a right angle. 

Let C E, fig. 7. be the incident ray at the angle of com- 
plete polarization, R E the reflected ray, and E 6 the re- 
fracted ray. 

The sine D C : sine & H : : index : 1 

But index=tangent A B ; and radius A E=l 
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Fig. 7. 




AsAB: AE: :DC: GH 

A B : D E : : D C : D E .-. GH=D E=C S, and the 
angle C E S=angle G E H. 

adly, H E S is a right angle, from which is taken G E H ; 
but as G E H=C E S=R ES. RES + GE S=a right 
angle. 

This law gives an easy method to determine the angle of 
polarization of any body of which the index of refraction is 
known. Look in a table of tangents for the given index as 
a tangent, and the corresponding angle will be the angle of 
polarization. If such a table be not at hand, let S S be the 
surface, and A E drawn perpendicularly : from a scale 
make A B=index, A E being 1. Join B E, and the angle 
A E B will be the required angle. 

The index is generally given, for light passing from a va- 
cuum ; if it be required to determine the index under other 
circumstances, divide the index of the given body by the in- 
dex of the medium from which it passes, and the quotient 
will be the index r-equired. In bodies, the opacity of 
which prevents the direct measurement of the angle of re- 
fraction, the angle of polarization gives the index of refrac- 
tion, if this law be rigorous, which it appears to be, for all 
bodies which have been yet examined ; though M. Fres- 
nel seems to think that it is rather an approximation. 

E S 
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We may here remark that some authors give the angle of 
polarization measured from the surface : and sometimes the 
index of refraction is calculated on the passage from air. 

Malus and Blot state, that the peculiar influence of crys- 
tals is not exerted on light reflected from their surfaces ; 
and that the angle of polarization is the same whether the 
plane of incidence be parallel, perpendicular, or oblique, 
to the principal section of the crystal. But Dr. Brewster 
found a diflerence of more than 2°. He found the angle of 
polarization to be ST 14'. when the incidence was in the 
plane of the principal section, and 59° 32' when in a plane 
perpendicular to it. The surface was that produced by a 
careful cleavage of the crystal. 

One of the first laws of optics is, that *^ light falling on a 
plane mirror is reflected at an angle equal to the angle of 
incidence ;^' but if this mirror be transparent, the light so 
reflected is found to have received a polarity in the plane of 
reflection, more or less complete as the angle of incidence 
approaches the angle of polarization for the substance em- 
ployed. In fact there is some trace of polarization discern- 
ible in light reflected from every body, at every angle of 
incidence except the perpendicular ; but this in so feeble a 
degree, that we may consider it, at present, insensible, ex- 
cept from transparent bodies. 

We have already explained that there are, for some 
bodies, certain angles, at which complete polarization takes 
place ; in some others, though very transparent, yet of 
high refractive power, complete polarization does not take 
place at any angle, as in the diamond ; in others, as black 
marble, ebony, black varnishes, &c. in which the refractive 
density is less, complete polarization takes place, though 
they be opaque. This angle for water is 52° 45' from the 
perpendicular, and for glass about 65^. 
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In our explanation we may have recourse to an instru- 
ment, which, though not indispensable, will be found use- 
ful in many experiments where accuracy is required. But 
for the satisfaction of any one as to the general facts, two 
pieces of unsilvered mirror glass are all that will be essen- 
tial, as in the annexed figure. The reflected ray is seen to 

Fig. 8. 





descend upon the plate A, which would have been polar- 
ized if the angles had been 35% and consequently not 
reflected. But partial polarization is produced by the 
plate B. 




The above instrument hardly requires description. It 
consists of a tube having a frame at each end, holding re- 
flectors, A and B, which are capable of being adjusted to 
any angle with the axis of the tube, and of being turned 
round the tube, so that the jdanes of reflection may be at 
any angle to each other. Suppose the two mirrors (of un- 
silvered glass) inclined on their axis to the polarizing angle 
SS'' to the incident ray, remove the mirror B, and make a 
ray of natural light, passing through the axis of the tube. 
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fall on the mirror A9 it will be found that the light will be 
reflected equally in whatever direction the mirror is turned 
by the ring D, whether upwards or downwards, to the 
right or to the left. I^et now the mirror B be replaced, 
and the apparatus so placed that the light reflected from it 
fall on the other mirror A ; if the plane of reflection of the 
two mirrors coincide, that is, if the plane of each reflection 
is towards the same direction, to an eye placed opposite A, 
there will be a reflection of a considerable part of the light 
incident on it. After being satisfied that there is in this 
position a partial reflection of the light, turn the ring D a 
quarter round either to the right or left, and with it the 
mirror A, (the inclination of wiiich to the axis remains the 
same,) and on looking on the mirror there will be now 
found a total obscuration, that i.i, no light will be reflected, 
the whole passing through the glass. To be satisfied that 
this does not take place from any accidental derangement 
of the instrument, it is only necessary to turn the mirror 
slowly from one {)osition to the other, and a gradual dimi- 
nution of the intensity will be observed, passing from its 
maximum in the first position, to complete obscuration in 
the last, or when the plane of the first reflection is at right 
angles to what would have been the plane of the second re- 
flection had the light been direct. 

A farther proof that this is no deception, is afforded by 
substituting a metallic reflector in the place of the mirror 
B ; in which case, no such alteration takes place. 

To return to the experiments. Continue to turn the 
mirror A gradually in the same direction, so that the re- , 
flection is again parallel to the first, but in an opposite di- 
rection, and the light will be again at a maximum ; and if 
the mirror be still turned in the same direction until it has 
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made three-fourths of a revolution, the light reflected will 
again be reduced to nothing. 

In this experiment We see that light, having been re- 
flected from a surface at a certain angle, is entirely trans- 
mitted by another mirror, if the plane of incidence on the 
second mirror is perpendicular to the plane of incidence on 
the first, while natural light would have been equally re- 
flected in every position. 

Xt must be observed, that if the angle of reflection of 
either mirror be greater or less than the angle of polariza- 
tion, there will not be a total obscuration. The angle made 
by the two planes of reflection, is often called the azimuth. 
To succeed perfectly in this experiment, the back of each 
mirror should be blackened, to prevent the admission of 
extraneous light. It will now be not difiicult to show, that 
the direction of polarity in the reflected light is, to the 
plane of reflection, similar to the polarity of the ordinary 
ray in Iceland spar, to its principal section, or an identity 
of the modification produced in the reflected ray, and the 
modification produced by the action of the crystal on the 
ray ordinarily refracted ; for, if the ray reflected from 
water or glass at the polarizing angle be received on a 
crystal of Iceland spar, the principal section of which coin- 
cides with the plane of reflection, the ray entering the crys- 
tal will proceed through it in the same direction that the 
ordinary ray, emerging from another crystal, would have 
proceeded. But if the principal section of the crystal be 
placed perpendicular to the plane of reflection, the ray will 
be refracted extraordinarily ; but in both positions there 
will be no bifurcation of the ray. If the principal section 
of the crystal be any otherwise situated, as to the plane of 
reflection, there will be two rays, but of equal intensity, 
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when the angle contained between these two planes be 45^ 
If, again, the ordinary ray emerging from a crystal be 
made to fall at the proper angle, on the surface of water, or 
any other reflecting surface capable of polarizing light com- 
pletely, it will be reflected when the principal section and 
plane of reflection coincide, but entirely transmitted when 
the planes are perpendicular to each other. But if the ex- 
traordinary ray fall on the surface, the reflection will take 
place when the planes are at right angles, and a total trans- 
mission will result when the planes coincide. 

We are therefore justified in assuming that the physical 
change the light has sufiered, is the same in the two cases. 
That whether an ordinary ray be examined by subse- 
quent reflection, or the reflected ray by a doubly refract- 
ing crystal, the inference is, that the polarity of each is in 
the same direction : the one in the plane of the principal 
section, and the other in the plane of reflection. 

Light is not only reflected from the first surface of trans- 
parent bodies, but another portion is reflected from the se- 
cond surface. We will suppose these two surfaces parallel^ 

Fig. 9. 




and it will not be difficult to see, that if the light be com 
petely polarized by reflection from the first surface a, the 
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portion reflected from the second surface b will also be 
completely polarized, and in the same plane. 

Let A I be the incident ray, and I R the reflected po- 
lar ray ; 1 1, the refracted ray, partially reflected and after- 
wards refracted to R' and I' G, the remaining refracted 
light will be perpendicular to I' R', the reflected ray, a con- 
dition we have seen before producing complete polarization. 

From various experiments it has been proved, that the 
quantity of light reflected even from the two surfaces of a 
transparent body, is small in proportion to the incident 
light ; and it is now convenient to inquire the condition of 
the refracted portion, under circumstances in which polar- 
ization of the reflected light is produced. If the ray I G 
be examined by a rhomboid, it will be found divided in- 
to two rays, but not of equal intensity ; for the ordinary 
or extraordinary ray will be found the most intense, as the 
section of the crystal is parallel or perpendicular to the 
plane of refraction. This condition of light is called par- 
tial polarization, and is the same as the state of reflected 
light when the incidence is not such as to produce com- 
plete polarization. 

M. Arago gives the following experiments : 

Fig. 10. 




Let us suppose a plate of glass^ E D, placed perpendicu- 
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larly on a sheet of fine white paper A B, the eye placed at 
O will see at the same time the reflected ray a, t, o, and the 
refracted ray bj f, o. Interpose an opaque plate perforated 
with a small hole S ; l6t the eye at O be furnished with a 
doubly refracting crystal C : if by a black screen placed 
between b and s, we stop the ray b t, which would haye 
been transmitted by the glass plate, the hole in the plate S 
is illuminated by the reflected light alone ; and if the prin- 
cipal section of the crystal coincide with the plane of re- 
flection, we see two images of the pole, of which the ordi- 
nary is the most brilliant. If the screen be now so placed 
as to intercept the reflected ray a, t, o, there will be still 
two images, but now the extraordinary will be the most 
brilliant. 

Now, if the screen be entirely removed, allowing both 
reflected and refrapted light to reach the crystal, the in- 
tensity of the two images is found by actual experiment to 
be exactly equal. It is hence to be inferred, that the 
plane which contains the poles of light, polarized by trans* 
mission, is perpendicular to the plane which contains poles 
of light polarized by reflection ; and that the quantity of 
polarized light, contained in the ray transmitted by a trans- 
parent plate, is exactly equal to the quantity of polarized 
light contained in the ray reflected from its surface, what- 
ever the angle of incidence may be. M. Arago observes, 
that a body which, at its angle of complete polarization^ 
reflects half the incident light from its surface, will also 
completely polarize the transmitted ray ; and that when 
there is no transmission of light there, is no polarization. 
This seems proved experimentally, as no trace of partial 
polarization is discoverable in the light reflected from the 
interior of a glass prism, when the reflection is total. 

As transparent substances reflect but a small portion of 
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the incident rays, the quantity of polarized light in the 
transmitted rays is small in proportion to the light which 
has not undergone that modification. Dr. Bcewster consi- 
ders the transmitted ray as consisting of one portion com- 
pletely polarized in a plane at right angles to the plane of 
incidence, and another portion of light '' which has suffered 
a physical change more or less approaching to complete po- 
Jarization.'^' Light having passed through a pile of plates, 
is at last polarized in a plane perpendicular to the plane of 
polarization of the reflected light. ** This effect requires 
the agency of twenty-four plates at an incidence of 61°; 
consequently/* says Dr. Brewster, " twelve plates will 
not polarize the whole pencil at that angle. Let us now 
suppose that the quantity not polarized amounts to twenty 
out of a hundred, then if these twenty were absolutely un- 
polarized, and in the same state as direct light, they would 
require to pass through twenty-four plates in order to be 
completely polarized. But experiments prove that they 
require to pass only through twelve other plates to be com- 
pletely polarized ; it therefore follows, that the jtwenty rays 
have been half polarized by the first twelve plates, and the 
polarization completed by the other twelve.'' 

This reasoning may be good, but as Mains, Biot, and 

Arago, consi<ler this partially polarized light to consist of 

light completely polarized, and light in the state of direct 

or natural light, and as this view of the question admits of 

-a ready explanation, we shall adopt it. 
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Let a^ bj c^ dy be supposed to represent the succeiisive 
plates through which the incident ray 1000 is to pass, and 
at a given angle, 50 out of the 100 be completely polarized 
by reflection, and a similar quantity of rays by refraction ; 
the light emerging from the first lamina will consist of 
900 in the state of direct light, and 50 of light polarized 
in a plane perpendicular, to the plane of incidence. We 
have already seen that light polarized in one plane, will 
Hot be reflected in a plane perpendicular to its plane of po^ 
larization, and consequently the portion 50 of transmitted 
light will escape reflection from the lamina 6, and therefore 
the light reflected from h, which we have supposed ith of 
the incident light, must be taken from the 900 of direct 
light. In this manner we may suppose the quantity of di- 
rect light constantly diminished, and the polarized light 
increased by each succeeding transmission. According to 
this view, coniplete polarization could never be • produced, 
but the quantity of direct light, after a few transmissions, 
would be absolutely imperceptible. 

It cannot be necessary to explain the result of submitting 
the ray emerging from a succession of plates to another 
pile of plates, to a doubly refractive crystal, or to a reflec- 
tion from a polarizing surface. In all these cases its polari- 
zation relatively to the plane of incidence on the first sur- 
face is precisely similar to the extraordinary ray transmit- 
ted by a crystal, relatively to its principal section. 

We will, however, mention one consequence of the fore- 
going laws ; that polarized light falling on the first surface 
of a pile of plates, will be partially reflected when the 
plane of incidence coincides with the plane of polarization ; 
and a farther portion being also reflected at each successive 
plate, an eye placed at the back of the plates will receive 
no sensible quantity of light. If, on the contrary, the 
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plane of polarization be perpendicular to the plane of inci- 
dence, the whole light will be transmitted. It therefore 
follows, that an apparatus may be constructed of the most 
transparent plates of glass, in two piles or bundles, forming 
a system perfectly transparent in one position of the piles, 
yet perfectly opaque in another. This effect is only to 
be produced by a great number of plates of glass, if the 
incidence be near the perpendicular ; yet some substances 
possess this property of polarizing transmitted light, what- 
ever the incidence. A thin plate of tourmaline cut parallel 
to the axis of the crystal, completely polarizes the light at 
any incidence in a plane perpendicular to the axis ; and a 
seccxid plate will transmit or stop all the rays, as the axis 
of the two plates are parallel or perpendicular to each other. 
A lens is a transparent body of a different density from 
the surrounding medium, commonly of glass, and used by 
opticians to collect or disperse the rays of light. They are 
in general either convex, that is^ thicker in the middle 
than at the edges, which collect, and by the force of re- 
fraction, converge the rays, and consequently magnify; 
or concave, that is, thinner in the middle than at the edges, 
which, by the refraction, disperse the rays of light, and di- 
minish the objects that are seen through them. 




A plano-convex lens is represented at 6, while c is a dou- 
ble convex: d, a plano-concave; e, a double concave ;y, 
the meniscus formed lens ; and g, a lens ground with a 
series of flat surfaces, usually employed to multiply or en- 
crease the apparent number of objects. The plane plate of 
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glass at a, is merely employed to show the difference be- 
tween a lens and a mere transparent medium which does 
not produce any peculiar optical effects. 

The principal focus, or focus of parallel rays, in con- 
vex lenses, is readily ascertained upon mathematical prin- 
ciples. It may, however, be found with sufficient accu- 
racy for common purposes, by holding a sheet of paper be- 
hind the glass,, when exposed to the rays of the sun, 
and observing when the luminous, spot is smallest, and 
when the paper begins to burn. Or when the focal length 
does not exceed three feet, it may be found by holding the 
glass at such a distance from the wall opposite a window 
sash, as that the sash may appear distinct upon the wall. 
It will be observed, that in a double convex lens, the rays 
of light are twice refracted : first, on entering the convex 
surface of the dense medium, the glass ; and secondly, on 
going out of the same dense medium, and entering the rare 
;nedium, or the air, which, from the form of the glass, we 
know, must present a concave surface. Now, rays are 
equally converged by entering a convex surface of a dense 
medium, and a concave surface of a rarer medium. The 
focus of a double convex lens, then, is at only half the dis- 
tance of the focus of one which has only one convex sur- 
face, that is, a plano-convex. The focus of a double con- 
vex lens, therefore, is the length of the radius, or semi-dia- 
meter of that circle, which is formed by the convexity of 
either of its surfaces.* 

* To acquire a practical acquaintance with the laws of refraction 
and the properties of lenses, the student should make experiments 
with lenses of different foci, diameters, and colours. 1 he room should 
be darkened, and the sun*s rays admitted through.an aperture cut in 
the shutter. The lenses should be fitted into cells connected with a 
sliding boards or adapted to convenient frames. By these means the 
lenses may be combined in any required way. It would be proper, 
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Owing to the great difficulty that arises in the casting 
and grinding the ordinary lens, when of large dimensions, 
it has been proposed by Dr. Brewster to construct them of 
a series of zones, or rings, as is shown in the section be- 
neath, accompanied by one of the segments. 




By this combination of segments, a lens of large size may 
be formed, and will obviously possess the same properties 
as if it consisted of solid glass. The advantages of this 
construction may be very shortly enumerated. The diffi- 
culty of procuring a mass of flint glass, proper for a solid 
lens, is in this construction completely removed. If im- 
purities exist in the glass of any of the spherical segments, 
or if an accident happens to any of them, it can be easily 
replaced at a very trifling expense. Hence, the spherical 
segments may be made of glass much more pure and free 
from flaws and veins, than the corresponding portions of a 
solid lens. 

From the spherical aberration of a convex lens, the focus 
of the outer portion is nearer the lens than the focus of the 
central parts, and, therefore, the solar light is not concen- 
trated in the same point of the axis.* This evil may, in a 

also^ to have lenses ground to the figure of a meniscus, or watch-glass, 
and fitted up so that two or more of them might he connected in one 
frame, so as to include fluids between them, and thus exemplify the 
refractive powers of fluid lenses. The dust usually in motion will, 
in the darkened room, give the various and natural figures of the con- 
verging and diverging rays with tolerable accuracy. 

* The axis of a lens is a line supposed to be drawn through the 
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great measure, be removed in the present construction, by 
placing the different zones in such a manner that their foci 
may coincide. 

A lens of this construction may be formed by degrees, 
according to the convenience and means of the artist. One 
zone, or even one segment, may be added after another, 
and, at every step, the instrument may be used as if it were 
complete. 

If it should be thought advisable to grind the segments 
separately, or two by two, a much smaller tool will be ne- 
cessary, than if they formed one continuous lens. But, if it 
should be reckoned more accurate to grind each zone by it- 
self, then the various segments may be easily held together 
by a firm cement. Each zone may have a different focal 
length, and may, therefore, be placed at different distances 
from the focal point, if it is thought proper. 

From what we have seen of the nature of refraction and 
reflection, it will be evident that a burning lens must be 
convex, a burning mirror, concave ; because both produce 
their effect by concentrating into a very small compass 
the rays of light and heat incident upon a large surface. 
As the rays which pass through a convex lens, or are re- 
flected from a concave mirror, are united at its focus, their 
effect is so much the greater, as the surface of the lens or 
mirror exceeds that of the focus. Thus, if a lens four 
inches broad collect the sun'^s rays into a focus at the dis- 
tance of one foot, the image will not be more than one- 
tenth of an inch broad. The surface of this little circle is 
1600 times less than the surface of the lens, and, conse- 

centre of its spherical surface, or surfaces. When one side of the lens 
is plane, the axis of course falls perpendicularly tipon that side. The 
axis of a lens continued^ would pass exactly through the centre of that 
sphere, of which the lens is the segment. 
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quently, the density of the sutf s rays within it is propor- 
tionately increased. It is not, therefore, surprising, that 
large lenses and mirrors burn with irresistible intensity. 
The most remarkable burning lens which has ever been catk- 
strticted, was made by Mr. Parker, at an expense of up^ 
wirds of £700. It was undertaken with a view to fuse 
and vitrify such substances as resist the fire of an ordinary 
furnace; and more especially of applying heat in vacuo, 
and under other circumstances in which it cannot be ap- 
plied by any other means. His lens was of flint glass, 
three feet in diameter, and when fixed in its frame,- exposed 
a surface of two feet eight inches and a half in diameter, 
without any other material imperfection besides a disfigure 
ment of one of the edges, occasioned by a piece of scoria, 
which had fouiid its way into its substance. Its weight 
was two hundred and twelve pounds; the focal length 
being six feet eight inches, and the diameter of the focus 
one inch. To concentrate the rays still further, a second 
lens was used, and reduced the diameter of the focus to 
half an inch. 

The principal phenomena elicited by Mr. Parker's lens 
may be thus described. Every kind of wood took fire in an 
instant, whether hard or green, or even soaked in water. 
Thin iron plates grew hot in an instant, and then melted. 
Tiles, slates, and all kinds of estrth were instantly vitrified. 
Sulphur, pitch, and all resinous bodies melted under water* 
Fir-wood, exposed to the focus under water, did not seem 
changed, but when broken, the inside was burnt to a coal. 
Any metal whatever, inclosed in charcoal, melted in a mo- 
ment, the fire sparkling Uke that of a forge. The sub- 
stances most difficult to be operated upon, were those 
of a white colour. When copper was melted, and thrown 
quickly into cold water, it produced so violent a shock as 
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to break the strongest earthen vessels, and the copper was 
entirely dissipated. Though the heat of the focus was so 
intense as to melt gold in a few seconds, yet there was so 
little heat at a short distance from the focus, that the finger 
might be placed about an inch from it without injury. 
Mr. Parker had the curiosity to try what the sensation was 
at the focus, aitd having put his finger there for that pur- 
pose, he described the sensation, not as resembling that pro- 
duced by a fire or lighted candle, but like that of a sharp 
cut with a lancet. 

Dr. Brewster has materially simplified the construction 
of the burning lens, and by combining reflection with re- 
fraction, he has suggested an arrangement unlimited in its 
power of action. Dr. B^s burning sphere may be best un- 
derstood by reference to the section beneath. 
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The lenses, of which sections are given, are so combined 
with the reflectors, as to form an entire circle with a com- 
mon focus at c« The whole sj^erical surface;, of which 
only a section is here represented, may be composed of 
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lenses; each of which, with the exception of the central 
lens, is furnished with a plane mirror, as at a a kf. When 
this sphere is employed, it must^ be so placed, that the 
sun's rays fall at right angles upon the central lens, and 
they will be concentrated at c. The next lens is furnish- 
ed with a large portion of the sun's rays by the reflector, 
and so on through the whole series of lenses; more than 
half the sphere being furnished with an arrangement of 
this description, while the reflector behind throws back 
any rays which may have passed the object to be ignited. 
The multiplying-glass is made by grinding down the 
round ade of a convex-glass B S, into several flat surfaces, 
B&kdy dbj and b k. An object O 
will not appear magnified when 
seen through this glass by the 
eye ; but it will appear multiplied 
into as many difierent objiects as the 
glass contains plane surfaces. For, " ^""^^ 

since rays will flow from the object O to all parts of the 
^ass, and each plane surface will refract these rays to the 
eye ; the same object will appear to the eye in the direction 
of the rays, which enter it through each surface. Thus, a 
ray O /, falling perpendicularly on the middle surface, will 
go through the glass to the eye, without suflering any re- 
fraction ; and will therefore show the object in its true 
place at O : while a ray O J, flowing from the same object, 
and falling obliquely on the plane surface d Ai, will be re- 
fracted in the direction d *, by passing through the glass ; 
and upon leaving it, will go on to the eye in the direction 

■ » 

of s ; which will cause the same object O to appear also at 
C, in the direction of the ray C *, producing the right 
line 8 C. And the ray A S, flowing from the object O, 
and falling obliquely on the plane surface b ky will be 

F 2 
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refracted to the eye, and as such cause the same object to 
appear at A, in the direction of A S. If the glass be turned 
round the central line, as an axis, the object O will keep its 
place, because the surface is not changed ; but all the other 
objects will seem to go round O, because the oblique planes 
on which the rays fall, will go round by the turning of the 
glads. 

*' From this brief view of the nature of refraction, as ap- 
plied to lenses, it may be advisable to examine the most 
wonderful of all natural lenses, the hnman eye. For pre- 
cisely upon the, same principle as the ordinary double con- 
vex lens magnifies and inverts the objects viewed through 
it, upon the same principle does the natural lens paint 
upon the retina the various objects that fall within the 
field of vision. 

The eye, though the most wonderful, and at the first 
view the most complicated part of animal anatomy, is in 
reality nothing more than a camera-obscura ; the various 
humours forming one powerful lens of an exceeding short 
focal distance on one side, while on the other, it is allowed 
to embrace a very considerable space, and this is called the. 
field of vision. 

In order that we. may properly understand the nature of 
vision, it will be necessary to furnish a brief anatomical de- 
scription of the eye ; which is composed of several coats or 
cases, one within the other, and filled with transparent 
hum.ours of different degrees of density. The outer coat 
of the eye is called the sclerotica. It is exceedingly strong, 
and the muscles that move the eye are attached to it. 
What is called the white of the eye, is a part of this coat. 
The cornea bulges out a little from the eyeball ; it is cir- 
cular, and exceedingly transparent. The next coat to the 
sclerotica is called the choroides, which serves as a lining to 
it. It if of a dark colour in the human eye, but white in 
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cats and owls, and green in most animals that live on grass 
and vegetables.. Its texture is soft and pulpy, and too 
weak to be susceptible of muscular motion, except at its 
extremities towards the front of the eye. Like the sclero. 
tica, it is distinguished into two parts; the fore part being 
called the iris, while the hinder part retains the name of 
the choroides. The iris commences immediately under the 
commencement of the confea. It there attaches itself mcnre 
strongly to the sclerotica by a cellular substance, forming 
a kind of white, narrow, circular rim, called the ciliary 
circle. The iris is that remarkable circle, which gives the 
eye its character as to colour ; it is composed of two sets 
of muscular fibres ; the one tending, like radii, towards the 
centre of the circle, and the other forming a number of con- 
centric circles round the same centre. The central part of 
the iris is perforated, and the aperture, which is called the 
pupil, is always round, but varied in diameter by the ac- 
tion of the two sets of muscular fibres composing the iris. 
When a very luminous object is viewed, the circular fibres 
contract, the radial are relaxed, and thus the size of the 
pnpil is diminished ; on the other hand, when the objects 
are dark and obscure, the radial fibres of the iris contract, 
the circular are relaxed, and the pupil is enlarged, . so that 
it admits a greater quantity of light. By candle-light, the 
contraction and dilation of the pupil may be very distinctly 
observed, with the assistance of a looking-glass. If, with 
our eyes directed to the mirror, we bring the candle close 
to our face, we shall find the pupil become very small ; if 
the candle be removed, and completely shaded for about a 
minute, and then brought to its former place, it will be 
found that the pupil has greatly dilated, and that it again 
contracts as the light draws nearer: if the light shine much 
more strongly on one eye than the other, the pupil of the 
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shaded eye will not contract so much as the other. The 
whole of the choroide membrane is opaque, by whidi means 
no hght can enter the eye but what passes through the pu- 
pil : but to render the chamber of the eye still darker, the 
posterior surface of this membrane is covered with a dark- 
coloured mucus, called the pigment um. Under the iris, 
there is a prolongation of the choroides, which forms a cir- 
cular band of radial fibres, turning inwards towards the 
centre of the eye, and filled up between with a black mu- 
<^us, giving it the appearance of a membrane. This circu- 
lar band is called the ligamentum ciliare, or ciliary liga- 
ment. The third and last coat of the eye is called the re- 
tina. This is a fine and delicate membrane, being an ex- 
pansion of the optic nerve, which proceeds from the brain. 
It is spread like a net of exquisite delicacy, all over the 
concave surface of the choroides, and terminates at the 
ciliary ligament. It receives the images of objects, which 
are depicted upon it by the rays of light that enter at the 
pupil. It is of itself transparent, and of an ash-eoloured 
white, but appears black on account of the dark-coloured 
pigmentum behind it. The optic nerve which passes through 
a small hole in the bony cavity containing the eye, and con- 
veys to the sensorium the impressions made on the retina, 
is not in the centre of the eye, but a little cm one side, in- 
clining towaiids the nose.*' 

* A controversy was agitated in the latter part of the seventeenth 
century, concerning the seat of vision: some contending that this 
function was performed hy the retina, and others attributing it to the 
choroides. The most powerful argument used against the retina is, 
that the pencils ought to be converged on an uniform surface, to form 
a distinct image ; whereas the retina is irregular, perfectly transparent, 
and presents no such surface. On the other hand, it is more conso- 
nant to physiology to suppose this sense, as well as every other, lodged 
in the nerves: and the retina, being an expansion of the optic nerve, 
seems intended by Providence as the organ of this sense. 
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The tunica choroides is described by some authors as 
consisting of two laminae. This description, however, ap- 
pUes much more accurately to the eyes of some animals, 
particularly to those of sheep, than to those of man. 
Those who suppose the choroides to consist of two laminae, 
describe the external one as terminating at the ciliary liga- 
ment, and the internal one as extending further to form 
the iris. The iris is described as consisting of two laminae, 
and it is very certain that two sets of fibres may be ob- 
served. These are supposed to be muscular, and from the 
mobility of the iris there seems no reason to doubt of their 
being really so. Some of the fibres are orbicular, and lie 
round the pupil ; others are straight, and extend from the 
circumference of the iris to its centre. We have seen that 
the iris has motions of such a nature, that the pupil is con^ 
tracted on the approach of a strong light, and is dilated in 
proportion as the light is less vivid. By this admirable yet 
simple contrivance, the eye adapts itself to the different pro- 
portions of light to which it is exposed. If the iris was al- 
ways as much contracted as it is when exposed to the light 
of noon-da J, a weaker light, such as that of the moon, could 
not be admitted in sufHcietit quantity to answer any useful 
purpose. On the contrary, if the pupil was immovably 
dilated, we might take advantage of the scattered rays of 
li^t, but should be distressed and blinded by the bright 
effulgence of the mid-day sun. When a strong light suc- 
ceeds to darkness, we are under the necessity of closing the 
eyelids, or of turning away the head, till the pupil has been 
accommodated to the change by the contractile powers of 
the iris. 

The three transparent substances inclosed by the coats of 
the eye are called the aqueous, crystalline, and vitreous hu- 
mours. The first of these, or aqutou$ humour, resembles 
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water, whence its name. It gives a protuberant figure to 
the cornea, filling the two cavities between the cornea and 
ciliary ligament, whiph cavities communicate by the pupil. 
The refractive power of the aqueous humour is similar, to 
that of water. The second, or crystalline humour, is like the 
former, transparent, in which it exceeds that of the purest 
crystal ; it has the consistence of a hard jelly, growing 
somewhat softer from the middle towards the edges. * Its 
form is that of a double convex lens, but more convex on 
the interior than the exterior surface. Resembling a lens 
in its form, it also resembles one in its use : it converges 
the rays which pass through it from every visible object to 
its. focus on the retina. It is inclosed in a fine transparent 
cover, or membrane, which is attached to the ligamentum 
ciliare, and by that means it is suspended. The radial 
fibres of the ligamentum ciliare have the power of contract- 
ing and dilating occasionally, by which means they alter 
the shape or convexity of this natural lens, and shift it a 
little backward or forward in the eye, so as to adapt its 
focal distance from the retina to the, different distances of 
objects. Without this, or some equivalent arrangement, 
we should only see those objects distinctly that were at one 
. distance from the eye. At the back of the crystalline lies 
the third, or vitreous humour. The vitreous hximQxir was 
so called from a supposed resemblance to melted glass ; it 
is a clear and gelatinous fluid, very. much resembling the 
white of an egg. It fills about three-fourths of the globe 
of the eye, and extends from the posterior part of the eye 
as far as the ciliary ligament. It is contained in a fine ' 
transparent capsule, or membrane, and when carefully re- 
moved from the globe of the eye, preserves its consistence 
for some time, being supported by its capsule, but after- 
wards runs ofi^, and the capsule diminishes in size. The 
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thin capsule which surrounds the vitreous humour, sends 
off a number of membranous processes into the vitreous 
substance, where they form cells, which communicate with, 
each other, and afford a high degree of firmness and tena- 
city to the whole mass. 

Dr. Brewster has very accurately ascertained the amount 
of refraction, in the various coats and humours of the human 
eye, as well as the relative measures of those bodies ; and 
as the results differ from those of Dr. WoUaston and 
others, who had previously examined the subject, they may 
be considered of considerable importance in the anatomy as 
well as the optical properties of that organ. Taking the 
refractive power of water at 1.3358, the following table 
will convey the result of Dr. B's. experiments. 

Refractive power of the aqueous humour . . 1.3366 

Vitreous humour . . 1.3394 

Outer coat of crystaUine . 1.376? 
Middle coat of ditto . 1 .3786 

Central part of ditto . . 1.3990 
Whole crystalline . . 1.3839 

Inch. 

Diameter of the crystalline 0.378 

Cornea 0.400 

Thickness of the crystalline . . . . . 0.17S 

. Cornea 0.042 




Above, is shown a pencil of rays, radiating from a lu- 
minous point ; and these, when they arrive at the surface 
of the cornea, form cones, the points of which are at the 
object, and the bases on the cornea. Those which impinge 
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on the opaque sclerotica are reflected, and have no concern 
in the production of vision : while those which, by falling 
very obliquely, form a very considerable angle with the 
cornea, are also reflected without penetrating into the aque- 
ous humour. The rays, which fall within an angle of 
about forty-eight degrees, pass through this membrane, 
undergoing a certain refraction, by which they are brought 
nearer to the line of the axis of the cornea ; and, if pro- 
duced, would converge into a focal point beyond the bot- 
tom of the eye. From the cornea, the rays pass into the 
aqueous humour. They are there divided by the disper- 
sive powers of this fluid, so that, if continued in the same 
medium, they would not only converge beyond the back of 
the eye, but on account of the aberration caused by their 
difierent refrangibility, would produce a confused and co- 
loured image. 

The rays collected by the cornea pass through the pupil. 
Those which come in an unfavourable direction are either 
reflected by the iris, or absorbed by the pigmentum on its 
posterior surface. The pupil admits only those rays which 
are nearest to. the axis of vision. They then meet with the 
crystalline, which, by its refractive power, collects them, 
and brings them into foci, after passing through the less 
refractive medium of the vitreous humour on the concave 
surface of the retina. 

They do not impart a correct perception of the body 
which reflects them, unless they fall on the retina precisely 
in the order in which they are detached from that body. 
To produce this effect, it is necessary that all the rays 
which proceed from any one point, should be collected in 
one point of the retina; and that all the points of union 
thus formed, should be disposed in the same manner as in 
the body, of which they form an image. 
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The cone of rays which proceeds from any lummous 
point to the cornea, forms another cone, the apex of which 
falls on the retina. These two cones have their axes al- 
most in a straight line. That which is perpendicular to 
the middle of the crystalline proceeds directly to the bot- 
tom of the eye ; that which comes from above falls infe- 
rioily ; that on the left proceeds to the right, and so oA 
with respect to the others ; thus an inverted image is 
formed on the retina. 

There are five natural methods by which we judge of the 
distance oi objects from the eye. 1st. by the angle which 
is made by the optic axes ; for want of this direction, it 
has been observed, that persons who are blind of one eye, 
frequently make a slight mistake as to the situation of ob- 
jects. Secondly, by the apparent magnitude of the objects. 
By depending upon this method, we are frequently deceived 
in our estimates of distance by any extraordinary large ob- 
jects ; as in approaching a large city, or edifice, we fancy 
them nearer than they really are. This furnishes us with 
a reason why animals and other small objects seen conti- 
guous to large mountains appear exceedingly small; for 
we imagine the mountain to be nearer to us than it actually 
is. When we look down also from a high building, the 
objects beneath us appear much smaller than they would 
at the same distance on the level ground ; the reason is, 
plainly, because we have no distinct idea of distance in that 
direction, and therefore judge by the impressions upon 
the retina, whereas custom has corrected our judgment in 
the other case. The third method of determining the dis- ** 
tance of objects is by the force and vividness of the coi- 
lours ; and the fourth is analogous to it ; namely, by the 
different appearance of the minute parts. When these ap^ 
pear distinct, we judge the object to be near ; and the con- 
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trary, when they appear faint and confused. Fifthly, we 
are assisted in judging of the distance of any particular 
object, by the other objects which are interposed. On 
this account distances upon uneven ground do not appear 
so great as upon plain ; for the valleys, rivers, and other 
objects that lie low, are many of them lost to the sight. 
This, too, is the reason why the banks of a river appear 
contiguous, when the river lies low and is not seen. 

Though every object that is before our eyes has its image 
in both organs, yet objects are not seen double; because, 
having previously ascertained, by help of the touch, that 
such an object was single, at the same time that each optic 
axis was directed towards it, and its image was painted in 
the corresponding parts of each retina, we have connected 
the idea of unity with the sentiment of those impressions^ 
and have accustomed ourselves to identify two sensations, 
which, so to speak, are in unison with one another. But if 
the two optic axes no longer concur towards the same point, 
as when we slightly press one eye sideways with the hand, 
the object appears double, and it is evident that the two 
images do not then fall on the corresponding parts of the 
retina. 

It has often been a subject of inquiry, why we see ob- 
jects in their true position, though the image on the retina 
is inverted, but no satisfactory solution of the difficulty ha& 
ever been given. And we should be as little likely to re- 
ceive an answer, if we were to ask, why we do not perceive 
every object bent, because the image of it is depicted upon 
a concave surface. It is certain, that unless distinct images 
are painted on the retina, objects cannot be clearly per- 
ceived. It* from too little light, remoteness, or any other 
cause, a picture is indistinctly painted on the retina, an 
obscure or indistinct idea of the object is conveyed to the 
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mind. The picture oh the retina is, therefore, so far the 
cause of vision, that our ideas of visible objects vary as it 
varies, and when it is not formed, nothing is seen. Yet we 
may fairly conclude, that the mind does not look upon the 
image on the retina ; for in cases of the gutta serena, a dis- 
order which affects only the optic nerve, the pictures on the 
retina are as perfectly formed as in the best eyes, although 
the patient is afflicted with incurable blindness. It is the 
optic nerve, therefore, which conveys the impressions made 
on the retina to the brain ; but how they are communicated 
to the mind, is screened from the view of man. It has been 
supposed that we acquire by experience the habit of see- 
ing objects erect ; but there are many striking facts' to prove 
the contrary : persons who have been blind from infancy, and 
who have been suddenly restored to sight by a surgical ope* 
ration, have not been led into the smallest mistake. In 
fact, no reason can be given why the mind should not per- 
ceive as accurately the position of bodies, when the rays re- 
flected from the upper part of those bodies fall upon the 
Ipwer parts of the eye, as if the contrary took place. 

The impressions of light on the retina appear to be 
always in a certain degree permanent, and the more so as 
the light is stronger; but it is uncertain whether the retina 
possesses this property merely as a phophorescent body, or 
in consequence of its peculiar organization. The duration of 
the impression is usually limited to less than half a second : 
hence, a luminous object revolving in a circle, makes a lu- 
cid ring; and a shooting star leaves a train of light be- 
hind it, which is not always real. If the object is pain- 
fully bright, it generally produces a permanent spot, which 
continues to pass through various changes of colour for 
some time, and then gradually vanishes. Dr. Roget, in 
an ingenious paper published in the Transactions of the 
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Royal Society, has farther illustrated this subject by refer- 
ence to the revolution of a wheel made to revolve behind a 
series of perpendicular bars. 

It may now be advisable to examine another, and no 
less important part of the anatomy of this organ, or the ar- 
rangement made for its protection from any inconvenience 
that may arise from the attacks of insects, or the particles 
of dust which are continually floating in the air. This is 
effected by the ej/eiids, which, Uke two substantial curtains, 
protect and cover the eyes when we are asleep ; and, while 
waking, they diffuse, by their motion, and by peculiar se- 
creting organs, a fluid over the eye, which cleans and po- 
lishes it. 

The eyebrows dlso defend the eye from the rays of light 
which might otherwise prove too strong for the optic nerve ; 
and that the eyelid may shut with greater exactness, each 
edge is stiffened by a cartilaginous arch, from which pro- 
<;eed the eyelashes, thus serving to warn the eye of dangers, 
while it protects it from the strangling mote. 

The more we investigate the works of nature, the greater 
reason have we to admire the wisdom of its Author ; and 
that wonderful adaptation of our organs, in the minutest par- 
ticulars, to the general laws which pervade the universe. 
The mechanism of the eye affords a striking iUustration of 
this remark. We have hitherto supposed the eye to be a 
lens possessing the power only of enlarging aud contracting 
its dimensions ; and from the previous description given of 
the rays of light, it may be considered as incapable of ob- 
viating the confusion which must arise from their different 
degrees of refrangibility. But here the use of that wonder- 
ful structure of parts, and the different fluids in the eye, 
is clearly seen. The eye is, in fact, a compound lens ; each 
fluid has its proper refrangible power. The shape of the 
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lensea is altered at will, accprding to the distuice of the ob- 
ject ; and the thtee Substances having the proper powers <^ 
refrangibility, the effects of an achromatic glass are with- 
out difficulty produced by the eye. 

The causes which produce defective vision must now be 
examined. 

There are two most important morbid affections of the 
eye, and these produee indistinct vision by directly opponte 
means. The first ia caused by the cornea, and crystalline, 
or either of them, being too convex, or the distance between 
the retina and crystalline being too great. It is evident, 
that from either of these causes, or both of them combined, 
the distinct picture of an object, at so ordinary distance, 
will fall short of the retina, and, therefore, the pcture on 
that membrane must be confused, which will also render 
vision confused and indistinct ; so that, in order to see 
things distinctly, people whose eyes are so formed, are 
obliged to bring the object very near their eyes ; by which 
means the rays fall upon the cornea in a more diverging 
state, and as such, distinct vinon is effected : from the cir> 
cumstaoce of such persons b^ng obliged to hold objects 
near their eyes, in order to see them distinctly, they are 
called short-fflghted. 



A case of this kind is shown by the dotted lines in the 
accompanying diagram, in which the rays, by diverging 
from the focal point to the retina, will form a very con- 
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fused image; and as such, the observer will have ao in- 
distinct view of the ohject. This inconvenience is remedied 
by placing a concave glass g h, before the pupil o B, which 
glass, by causing the rays to diverge between it and the 
eve, lengthens the focal distance, so that if the glass be 
propprly chosen, the rays will unite at the retina, and form 
a distinct image of the object upon iti a b serves to mark 
the boundary of the crystaUine lens, and c shows the optic 



Another cause of defective vision may now be noticed. 
It is evident from the above figure, that if either of (he hu- 
mours be too flat, the focal point of the rays e, will not be 
on the retina, but beyond the eye, as at F. Consequently, 
those rays which flow from the object c, and pass through 
the humours of the eye, are not converged enough to unite 
at d, but pass on to F, and as such, the observer can have 
but a very indistinct view of the object This is remedied 
by placing a convex glass A B, of a proper focus, before the 
eye ; which makes the rays converge sooner, and impnnts 
the image duly on the retina at b.* 

* If a short-sighted penoa look at an object through a small hole 
made in a card, he will be able to see even remote objects with to- 
lerable dtstinctnesg, for this lessens the circle of dissipaiioo on the re- 
tina, and thus lessens the confusion in the picture. For the same pur* 
poM, we cpmmoaly obierre short-sighted people, when the; wish to 
see distant objects more distioctlj, almost shut their evelids : " and it 
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In the preceding descriptum of long and short vision, we 
hove ctmtented ourselves with fumiBhing such a view t^ 
the eye as was best calculated to explain the direction 
taVen by the rays of li^t in approaching the retina ; aD> 
other view may, however, now be Bubjoined,* furnishing an 
exact representation of the interior of that important organ. 



The ciliary process is here represented, faithfully copied 
from the anatomy of the organ, and the projecting form of 
the cornea immediately above the pupil, with its adaptation 
to the purposes of vision, may now be readily understood. 

it from thU," oyi Dr. Poterfield, "that «bort->ighted personi were 
ancieblly called mjopes." 

The sight of myopes, we have seen, ii remedied by a concave leni 
of proper concafity, and they do not require different glauei for 
different dis lancet. Ifihey hare a lens which will enable them to lee 
distinctly at the distance most commonly used by other persODt, 
for example, at the distance at which persons, whose eyes are good, 
generally read, they will, by the help of the same glass, be able to 
see distinctly, at all the distances M which good-sighted peoplecan see 
distinctly ; for the cause of sbort-sightedness is not a want of power to 
vaiy the conforaialioD of the eye, but is owing to the whole quantity 
of refraction being too great for the distance of tile retina from ihe 

The other defect, t,t has been shown, is of an opposite nature, 
and pefsons labouring under it are called long-sighted, or preibytae : 
WhcDce, in ordei to read, soch persons are obliged to remove the 
boolt to a great distance, which lessens the divergency of the ri^i 
falling on the e^, and in^ci them converge to a focus sooner, so at 
iopaint«4i»inct imigeon the retina. 

VOL. II. G 



S2 EXTENT OF PERFECT VISION. 

Some have conceived that the retina is not equally sen- 
sible in all its parts, and that a certain portion only, neaif 
the axis of the eye, is capable of conveying distinct im- 
pressions of minute objects. Comparetti says, that dis- 
tinct vision is effected only in the optic axis, which is moved 
most rapidly over every point of the object; and that what 
is seen apparently out of the axis, is caused by the di- 
rection of the first impression in the axis. We believe, 
however, that the limits of distinct vision are far more ex- 
tensive. Dr. Young, speaking of his own eye, says, that 
the visual axis being fixed in any direction, he can see at 
the same time a luminous object placied at considerable dis- 
tances from it ; the angle, however, dififers. Upwards, it 
extends to fifty degrees, inwards to sixty, downwards to 
seventy, and outwards to ninety degrees. These internal 
limits of the field of view nearly correspond with the ex- 
ternal limits formed by the difi^erent parts of the face, 
when the eye is directed forwards and somewhat down- 
wards, which is its most natural position; and both aref 
well calculated for enabling us to perceive the most readily 
such objects as are the most likely to concern us. The ex- 
tent of the retina is every way greater than the limits of 
the field of view. The whole extent of perfect vision is 
little more than ten degrees ; or, more strictly speaking, 
the imperfection begins within a degree or two of the vi- 
sual axis, and at the distance of fivB or six degrees becomes 
nearly stationary, until, at a still greater distance, vision is 
wholly extinguished. The imperfection may be owing 
partly to the unavoidable aberration of oblique rays, but 
principally to the insensibility of the retina ; for, if the 
image of the sun itself be received on a part of the retina 
remote from the axis, the impression will not be suiSciently 
strong to form a permanent spectrum, although an object 



EYES or VAEIDUS ANIMALS. 83 
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of Very moderate brightness will produce this effect, when 
distinctlj viewed. The motion of the eye has a range of 
aboat fifty-five degrees in every direction, so that the field 
of perfect vision, in^ succession, is by this motion extended 
to one hundred and ten degrees.* 

Dr. Monro has published some excellent remarks on the 
variety that appears in the eyes of different animals. He 
observes, that all quadrupeds have, at the internal canthus 
of the eye, a strong and firni membrane, with a cartilagi- 
nous edge, which may be made to cover some part of t^eir 
eye; and this is greater or less in different animals, as 
their eyes are more or less exposed to danger in seeking 
after their food. This membrana nictitans, as it is called, 
is, however, not Very large in all these animals. Cows and 
horses have it so large as to cover on&'half of the eye, like 
a curtain, and at the same time it is transparent enough to 
allow abundance of the rays of light td pass through it. 
Fishes have a cuticle constantly over their eyes, as they 
are ever in danger in that inconstant element, the water. 

All quadrupeds have a seventh muscle belonging to the 
eye, called suspensorius. It surrounds almost the whole 

* Mr. Adams in his " Essay on Vision," has given some useful rules 
for the preservation of the sight : — 

1st. Never sit for any length of lime in any gloom, or exposed to a 
blaze of light. From this rule may be deduced the Impropriety of 
going hastily from one extreme to the other, whether of^arkness or of 
light ; and it may be inferred, that a southern aspect is improper for 
those whose sight is weak. 2, We should avoid reading any very 
small print. 3. Do not read in the dusk, nor, if the eyes' are disorder- 
ed, by candlerlight. 4. The eye should not be permitted to dwell on 
glaring objects, more particularly on the first waking in the morning. 
5. The long-sighted should accustom themselves to read with rather 
less light, and somewhat nearer to the eye than usual ; while those 
who are short-sighted, should' accustom themselves to read Nvith the 
book pif as far as possible. 

G 2 
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optic derve, and is fixed into tke sclerotic coat as the others 
are. Its use is to sustain the weight of the globe of the 
eye, and to prevent the optic nerve from being too much 
stretched, without obliging the four straight muscles to be 
in a continual contraction, which would be inconvenient : 
at the same time, this muscle may be brought to assist any 
of the other four, by causing one particular portion of it to 

act at a time. 

The next thing to be remarked is the figure of the pu- 
pil, which is different in different animals, but always eik^ 
actly accommodated to the creature^s way of life, as well as 
to the different species of objects that are viewed. In nian^ 
it is circular ; an ox has it oval, with the longest diameter 
placed transversely, to take in a large view of its food ; ii> 
the cat, it is oval, but the longest diameter placed perpen- 
dicularly ; they can either exclude a bright light altoger 
ther, or admit only as much as is necessary. The pupil of 
different animals varies in wideness, according as the int^- 
nal organs of vision are more or less acute : thus cats, and 
owls, who seek their prey in the night, or id dark places^ 
(and, consequently, must have their eyes 30 formed, aB that 
a few rays of light may make a lively impression on the re- 
tina,) have their pupils in the day-time contracted into a 
very narrow space, as a great number of rays would op- 
press this delicate organ ; while in the night, or where the 
light is faint, they open the pupil, and very fully admit 
the rays. In the same way, when the retina is inflamed, a 
great number of rays of light would occasion a painful sen^ 
sation ; therefore, the pupil is contracted ; on the contrary, 
in dying people, it is generally dilated, as the eyes on such 
occasions are very difficultly affected, and in some measure 
insensible. The posterior part of the choroid coat, which is 
called the tapetunt^ is of different colours in different animals ; 



TH£ MICBOSCOPE. 85 

for oxein, feeding mostly on grass, have this membrane of 
a green colour, that it may reflect upon the retina all the 
rays of light which come from the objects of that colour, 
while other rays are absorbed: thus the animal sees its 
food better than it does other objects. Cats and owls 
have their tapetum of a whiteish colour; and for the same 
leascHis have their pupil very dilateable, and their organs 
of vision acute : and we shall find, that all animals see 
more or less distinctly in the dark, according as their ta- 
petum. approaches nearer to, a white or black colour. 
Thus dogs, who have it of a greyish coloui, distinguish 
objects better in the night than man, whose tapetum is 
dark brown* 

The Microscope is a most important optical instrument, 
and its construction w^ be best understood by a reference 
to its most simple form, which will be found nearly to re- 
iseinble the eye. 

This instrument owes its power of magnifying objects 
io a judicious arrangement of glasses ; and, in common 
l^guage, the microscope is said to magnify the objects 
:wl|ich are seen through it; this,, however, is true, only 
with regard to their apparent, and not their real magni* 
tude^ The apparent magnitude of an object is measured 
by the angle under which it is seen by the eye. Hence, 
an object at the distance of half a mile, will appear twice 
as larg<? as it would if it were at a mile'^s distance : because 
the apgle which it would make on the eye would be twice 
as large in the one case as the other. Upon the same prin- 
i^iple, if at the distance of six or seven inches we can but 
just discern an object, and then by interposing a lens, oif 
other body, we can view that object at a nearer distance, 
the object will appear as much larger through the lens 
than it did to the naked eye, as its distance from the lens 
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k less than its distance was from the eye. That this is 
not because the object is magnified by the lens is evident 
from the circumstance, that the same thing will happen if, 
instead of a lens, a piece of brown paper with a small hole, 
made with a pin or needle, be interposed between the ob- 
ject and the eye. If the edge be brought within an inch or 
two of a book, it will be impossible to distinguish the let- 
ters ; but if, at the same distance, it be examined through 
a hole in the way already described, the letters will not 
only be visible, but apparently very much magnified. This 
would not be the case, if the letter was seen through the 
same hole at the distance of six or seven inches from it. 

A variety of ingenious methods have been suggested for 
the construction of microscopic spherules possessing great 
magnifying power. The one best known, is to take up 
with the point of a wetted wire small fragments of crown 
glass, and placing them in the flame of a spirit-lamp, till, 
by producing fluidity, their particles may be enabled to 
take a spherical form. Another method consists in draw- 
ing out a thin strip of glass into threads, and afterwards 
holding the extremities of the threads in the flame of h 
lamp till they take the same form as the melted fragments. 
The spherules thus formed, may be afterwards detached 
from the filament which supported them, and being placed 
between two thin plates of metal, pierced with a small aper- 
ture, they form a useful miscroscopic instrument. Mr. 
Siveright has, however, eflected a considerable improvement 
in these instruments, and his mode of constructing them is 
thus described : — Take a piece of platinum-leaf, about the 
thickness of tinfoil, and make two or three circular holes in 
it, from l-20th to 1-1 0th of an inch in diameter, arid at the 
distance of about half an inch from each pther . In the holes 
put pieces of glass, which will adhere to them without fall- 
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iDg through, and which are thick enough to fill the aper- 
tures. When the glass is melted at the flame of a candle 
with the blow-pipe, it forms a lens, which adheres strongly 
to the metal, so that the lens is formed and set at the same 
time. The pieces of glass used for this purpose should 
have no mark of a diamond or file upon them, as the mark 
always remains, however strongly they are heated with the 
blowpipe, and they should not exceed one-tenth of an inch 
in diameter ; an eye or loop, made by bending the extre- 
mity of a platinum wire, may be used instead of the plati<- 
num-leaf. Mr. Siveright has also formed a plano-convex Jens 
by means of fusion ; to effect which, he took a plate of to^ 
pa^, with a perfectly flat and polished natural surface, aQd 
having laid a. fragment of glass upon it, he exposed the 
whole, to an intense heat. The upper surface of the glass 
assumed a spherical surface, in virtue of the mutual attrac- 
tion of its parts, while that beneath became perfectly flat 
and smooth from its contact with the stone. 

Dr. Brewster has very materially improved the construe^ 
tion of fluid microscopes. An apparatus of this kind was 
originally suggested by Mr. Stephen Gray. They consist- 
ed merely of a drop of water, which was taken up on the 
point of a pin, and placed in a small hole one-thirtieth of 
an inch in diameter, in the mid.dle of a spherical cavity, 
about one-eighth of an inch broad,. and a little deeper than 
half the thickness of the plate. On the opposite side of the 
plate was another spherical cavity, half as broad as the for- 
mer, and so deep as to reduce the circumference of the 
small hole to a ^harp edge. When the water is placed m 
these cavities, it will form a double convex lens with unr 
equal convexities, which may be employed like any other 
single microscope in the examination of minute objects. 
As water, however, has a considerable dispersive power, 
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and a low power of refraction, fluid microscopes of a more 
perfect kind may be formed, by using sulphuric acid, cas- 
tor oil, oil of ambergrease, or alcohol. The sulphuric acid 
has a very low dispersive power, and a greater refiractive 
power than water, and will, therefore, make a more per- 
feet lens than any other fluid body. Castor oil may be em^ 
}]4oyed with almost equal advantage ; and oil of amber* 
grease and alcohol would answer the same purpose, from 
their optical properties, though their volatility may render 
them less easily managed. 

The best method of constructing fluid microscopes, is to 
take Canada balsam, balsam of Copaiba, or pure turpentine 
Varnish, and let a drop of any of them fall upon a thin 
piece of parallel glass. The drop will form a plano-convex 
lens, and its focal length may be regulated by the quantity 
of fluid which is used. These fluid lenses are represented 
beneath, supported by plates of glass. If the 
lens is uppermost, the gravity of the fluid 

will make it more flat, and diminish its focal 

length. Tliis, however, may be avoided, and 

the contrary effect produced, by inverting the 

piece of glass. If these lenses are preserved 

from dust, they will be as durable as those which are made 

of glass ; and when thick Canada balsam is used, the lenses 

will sopu be indurated into a hard gummy substance, and 

resist any change of figure from the gravitation of their 

parts. 

The same ingenious philosopher has proposed a valuable 
mode of adjusting microscopes, so that the observer can ob- 
tain distinct vision, while viewing objects situated at differ- 
ent distances. To effect this, when the more remote of the 
, two points which are to be seen at the same time, is at a 
greater distance than seven or eight inches, the shortest 
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limit of distinct vision, the adjusting microscope may be 
formed by drilling a small hole through the lens as at dj or 
by cementing upon the centre of each of its surfaces two 
small circular pieces of glass, with a drop of Canada bal« 
sam; shown at e. The central part of the lens will thus be 
reduced to a plane surface, as is seen in the diagram. 



A 





•^ ^ 





When the rays from the more distant point pass through 
the perforation o, or through the planes m n, and fall upon 
the central part of the pupil, they will form a distinct 
image of it upon the retina ; while the rays from the nearer 
point, passing through the lens, will be incident upon the 
outer portion of the pupil, and form an equally distinct 
image of it upon the retina. If the distance of both the 
points is less than seven or eight inches, a plane .of glass y*, 
should be cemented to the lens d^ by any viscid fluid, which 
has such a refractive power, that the encreased focal length 
of the central part of the lens may be to its real focal length, 
as the distance of the remoter point is to the distance of the 
nearer point. The remoter point will then be seen dis- 
tinctly through the central portion of the lens, while the 
nearer point will be seen with equal distinctness through 
the outer portion. The same effect will be produced by 
the memiscu&-formed lens g, and with its plane, where the 
cement forms a ring at the circumference of the tens.* 
In order to see three points at the same instant with 

* Vide Brewster on New Philosophical Instruments. 
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perfect distinctness, we must adopt the construction shown 
at h^ where a very small circular plane of glass i^ cemented 
by Canada balsam to the anterior surface of the lens, and 
a small circular ring of glass, cemented on the opposite oA^ 
to the portion of the lens immediately surrounding the 
first circular plane. The lens will thus be divided into 
three zones, having three different focal lengths, which may 
be varied in any required proportion, by altering the radii 
of the two surfaces, or changing the refractive power of the 
cement. In order to avoid any loss of light arising from 
the circumferences of the glass planes not being transpa- 
rent, each of them may be extended to the very circum- 
ference of the lens. 

The form of a very convenient microscope is shown be- 
neath ; consisting of a circular stand of mahogany, perfo- 
rated with a small aperture, in which is placed a wire, sup- 
porting a small lens C, whose focal distance is C D. At 
that distance is a pair of plyers D E, which may be adjust- 
ed by means of the sliding screw, as in the figure, and 
opened by means of the two little studs a €\ with these 
the observer may take up any small object O, and view it 
with the eye placed in the other focus of the lens at F ; 
and according to the focal length of the lens, the object O 



COMPOUND MICROSCOPE. 91 

will appear more or less ma^'ified, as lepresented at M.. 
If the fopal len^h be half, or one-fourth of an inch, the 
length, surface, and bulk of the object will be magnified, as 
befne described. This small instrument may be put into 
a case, and carried about in the pocket without inconveni- 
ence. Lenses whose focal lengths are from three to five- 
tenths of an inch, are best calculated for common use. 

The double or compound microstope differs from the pre> 
ceding in this respect, that it consists of at least two lenses, 
by one of which an image is forme^d within the tube of the 
microscope, and this image is viewed through the eye-glass 
instead of the object itself, as in the single microscope. In 
this respect, the principle is analogous to that of the telo. 
soope, which we shall presently examine ; only that, as the 
latter is intended to view distant objects, the object-lens is 
of a long focus, and consequently of a moderate magnify- 
ing power, and the eye-glass of a short focus, which mag- 
nifies the image made by the object-lens. But the micro-. 
sa>pe being intended only for minute objects, the object- 
lens is of a short focus, while the eye-glass, in this case, is 
not of so high a magnifying power. 



This compound microscope consists of an object-glass 
c d, and an eye-glass ej'. The small object a b, is placed 
at a little greater distance from the glass c d, than its prin. 
cipal focus, BO that the pencils <^ n^s fioving from the dif- 
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Cerent points of the object, and possiDg thiongh the glius, 
may be made to cooTerge and unite in as many points be- 
tweeng and A, where the image of the object will be fohned ; 
which image is viewed by the eye through the eye-ghus ef\ 
tcf€ the eye-glass being so phoed, that the image g A, may 
be in its focus, and the eye about the same distance on the 
other eide, the rays of each pencil will be parallel after 
gcnng out of the eye-g^ass, as at e and^ till they come to 
the eye at Ar, where they wiQ b^;in to converge by the refrac- 
tive powers of the humours ; and after having crossed each 
other in the pupQ, and passed through die crystalline and 
vitreous humours, they will be collected into points on the 
retina, and form the large inverted image A B. 

The magnifying power of this micro«»pe is as follows ^ 
if we suppose the image g A to be six times the distance 
of the object a b from the object-glass c dj then will the 
image be six times the length of the object ; but since the 
image could not be seen distinctly by the bare eye at a less 
distance than six inches, if it be viewed by an eye-glass ef, 
of one inch focus, it will be brought six times nearer the 
eye, and consequently viewed under an angle six times as 
large as before, so that it will be again magnified six times, 
that is, six times by the object-glass, and six times by the 
eye-glass, which, multiplied into one another, makes thirty^ 
six times ; and so much is the object magnified in diameter 
more than what it appears to the unassisted eye. 

The accompanying diagram represents a very valuable, 
as well as portable microscope. A B is the basis or foot, 
C the stem, and E F two square sockets of brass, move- 
able upon the square part of the stem, bdng connected by 
a common screw. This motion is checked by the constant 
pressure of a spring. 6 is a screw by which the part £ is 
fixed to the stem. H is an adjusting-sere W, by which the 
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part F is gradually moved up and down ; so that the stage 
KlufOn which the objects are placed, has M N the slider, 
with its objects, duly adjusted to the focus of the inagnifi<« 
ers. O is a circular piece of brass, on which are fixed three 
lenses, turning on centres fixed in O, and which may be 
used either separately, or combined together; R is the 
speculum that reflects the light through the microscope. 




Dr. Wbllaston has proposed an improvement of micro- 
scopes, which he thinks highly advantageous. The great 
desideratum, he observes, in employing high magnifiers, u 
sufficiency of light; and it is accordingly expedient to 
make the aperture of the little lens as large as is consistent 
with distinct vision. But. if the object to be viewed is of 
such magnitude as to appear under an angle of several de- 
grees on eachidde of the centre, the requisite distinctness 
cannot be given to the" whole surface by a common lens, in 
consequence of the confusion occasioned by the oblique in- 
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eidence of the lateral rays, excepting by meisms of a very 
small aperture, and proportionable diminution of lights 
In order to remedy this inconvenience, he used two piano* 
convex lenses ground to the same radius, and applied their 
plane surfaces on .opposite sides of the same aperture in a 
thin piece of metaL Thus he virtually obtained a double 
convex lens, with this advantage, that the passage of ob* 
lique rays was at right angles with the surfaces, as well as 
the central pencil. With a lens so constructed, the perfo- 
ration that appeared to give the most perfect distinctness 
was about one-fifth part of the focal length in diameter ; 
and when such an aperture is well centred, the visible field 
is at least as much as twenty degrees in diameter. It is 
true, that a portion of light is lost by doubling the number 
of surfaces, but this is more than compensated by the 
greater aperture, which, under these circumstances, is com- 
patible with distinct vision. 

We may best illustrate the interior of a microscope with 
a moveable tube and sdoptric ball» by a figure. 




Let A B be a section of the window-shutter of a dark 
room, containing a scioptric ball £ F, in the forepart of 
which is screwed the tube G I E H, at one end of which 
is a lens G H, which, by converging the sun-beams into a 
narrow compass, strongly enlightens the small object a. 
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placed on a slip of glass or talc, in the tube G H, where a 
slit is made on each side for that purpose. Within this 
tube there is another slider, L M, which contains a small 
magnifying lens. 

By moving the exterior tube I G H K, the glass G H 
may be brought to receive the rays of the sun directly, and 
will therefore most intensely illuminate the object a. The 
other tube L M, being slid backwards and forwards, will 
adjust the distance of the small lens, so that the image of 
the object a shall be made very distinct on the opposite 
side of the room, at O P ; and the magnitude of the image 
will be to that of the object, as the distance from the lens 
M L is to the distance of the object from it. 

The camera- obscura microscope is usually composed of a 
tube, a reflecting mirror^ and a convex lens, in addition to 
the ordinary microscopic apparatus. The sun's rays being 
directed by the looking-glass through the tube upon the 
object, the image or picture is thrown distinctly and beauti- 
fully upon a screen of white paper, or a white linen sheets 
placed at some distance to receive it, and considerably mag- 
nified. 

The apparatus for this purpose, as represented in the 
accompanying engraving, is as follows : A, a square wooden 
frame, through which two long screws pass, and by means 
of two nuts 1 1, fasten it firmly to a window-shutter, in 
which a hole is made for its reception, the two nuts being 
let into the shutter. 

A circular hole is made in the middle of this frame, to 
receive a piece of wood of a circular figure B. The edge 
projects a little beyond the frame, and contains a shallow 
groove, furnished with a band, which, by twisting round, 
and then crossing over a brass pulley 4, affords an easy 
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motion for turniog round the circular piece ol' wood B, -with 
its coimecting parts, to follow the course of the sun. 



C is a brass tube, screwed into the middle of the circular 
piece of wood, forming a case for the uncovered brass tube 
D, which may be drawn backwards or forwards. E, a 
smaller tube, of about one inch in length, screwed to the 
end of "the larger tube D- 

tn the large tube is a convex lens, whoie focus is about 
twelve inches, designed to collect the sun's rays, and throw 
thran more strongly upon the object. G-, a looking-glass 
of an oblong figure, set in a wooden frame, fastened by 
hinges to the circular piece of wood B, round which it re- 
volves. 

H, a jointed wire passing through the wooden frame, to 
enable the observer^ by putting it backwards or forwards. 
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to elevate or depress the glass^ according to the sun's alti- 
tude. 

When the microscope is employed, the room must be ren* 
dered as dark as possible; for, on the darkness of the room^ 
and the brightness of the sun-rays, depend the sharpness 
and perfection of the image. Then putting the looking- 
glass G, through the hole in the window-shutter, the ob- 
server must fasten the square frame A, to the said shutter, 
by its two screws and nuts 11. 

This done, adjust the looking-glass to the elevation and 
situation of the sun, by means of the jointed wire H, to- 
gether with the pulley and band. 

As soon as this appears, screw the tube C into the brass 
collar provided for it in the middle of the woodwork, 
taking care not to alter the looking-glass ; then screwing 
the magnifier to be emjdoyed, to the end of the microscope, 
take away 'the lens at the other end, and place a slider^ 
containing the object to be examined, between the thin 
brass plates, as in the common microscope. 

Things being thus prepared, screw the body of the mi- 
croscope to the short brass tube £, and pull out the tube 
D^ less or more, as the object is capable of enduring'the 
suii^s heat. Dead objects may be brought within about 
an inch of the focus of the convex lens ; but the distance 
must be altered for living insects, or they will speedily be 
deprived of life. T 

The ^ort tube E, which the microscope is screwed, to^ 
enables the observer, by moving it backwards or forwards Iq 
the tube D, to bring the objects to their true focal distance, 
which will be known by the sharpness and clearness of their 
appearance ; they may also be turned round by the same 
means, without the effect being injured. 
- The solar microscope we have just been examining, is 
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calculated only to exhibit transparent objects, or at leaat 
such as permit a part of the incident light to pass through 
them ; to view opaque objects, another mirror must be 
used, in order that they may be seen by the li^t that they 
reflect. 



In the above'figure, the mirror a, and the leng e, are the 
same as in the common aolar microscope; but the con* 
verging rays from c are met by a mirror e n, placed diagon- 
ally, and which reflects the rays upon the opaque inject 
S R ; from the object they are reflected to the magmfier o, 
from which they proceed, diverging to the screen p q, 
where the object will be painted and its apparent size in- 
creased. 

Professor Amici has constructed a very excellent catop- 
tiical microscope, in which be seems to have avoided the 
imperfections to which the instruments formerly constructed' 
upon tlie same principle were liable, and to have combined 
eeveral advantages which are not possessed by the dioptri* 
cal microscopes now in use. . 

The body of this instrument oonsists of a horizontal bnss 
tube, twelve inches in length, and one 1-lOth in diameter. At 
ODe end of the tube is placed a concave q>eculum of metal, 
whose axis ccHncidea with that of the tube, and whose su- 
perficies is elliptical, and so calculated, that of th« two foci. 
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the <xie falls at the distance of two 6-lOths, and the other 
at twelve in<;hes from its centre. A thin arm within the 
tube, carries a small plain mirror of metal of another form, 
placed at the distance of one 6-lOth inches from the former, 
opposite to it, in an oblique direction, and supported by an 
oblique section of a metal cylinder 5-10th8 of an inch in 
diameter. The centre of the polished surface of this mir- 
ror coincides with the axis of the concave mirror, which is 
situated at the distance of one 5-lOth inches from the cen- 
tre of the other. 

This'plain mirror is so pllK^d, that, while it receives the 
imiage of the object (which is placed on a moveable object^ 
hearer, attached to the pillar below it) by means of a small 
aperture in the under part of the body of the tube, it throws 
it towards the concave mirror, in which it may be examin- 
ed by thie eye of the observer, applied to the opponte end 
of the tube, through a greater or smaller number of mag- 
nifying eye-glasses, which may be fitted to it. 

The internal diameter of the tube, which regulates that 
of the large mirror, may be one 1-1 0th inches, and the 
thickness of the surrounding metal about l-20th. Upon 
this construction, the object to be examined may always 
be at the distance of half an inch from the edge of the 
tube, and consequently be very well lighted on every 
side ; transparent objects, from below, by means of a c(»n- 
mon illuminating mirror^ fitted to the pillar, and moveable ; 
and opaque bodies, from above, either by the natural light 
falling directly in, or by concentrating an artificial light by 
means of a convex glass fitted to the object-bearer,— -or still 
better by means of a pierced mirror of metal, which is fitted 
to the tube below, over the object, so as to be brought more 
or less near it. The large illuminating mirror below 
should be concave, having a diameter of three inches, and 
a focal distance of 2,5 at the utmost. 

h2 
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The effects of the two last-mentioned mirrors msi,y be re^ 
ciprocally combined, by means of a common corresponding 
adaptation, by receiving and reflecting the rays of light, so 
as to produce the highest degree of intensity of light, and 
the most perfect illumination of the object on all sides^ 
both as a whole, and ip its different parts ; an advantage^ 
indeed, which can scarcely be attained in dioptrical instru- 
ments by similar means.* 

A few hints illustrative of the use of this instrument may 
now be adduced. Whatever object offers itself as the sub^ 
ject of our examination with the microscope, the size and 
nature of it are first to be considered, in order to examine 
it with such glasses, and in ^uch a manner, as may show it 
best. The first step should always be to view the whole of 
it together, with a magnifier that will take the whole of it 
in at once ; and after this, the several parts of it may the 
more fitly be examined^ whether remaining on the object^ 
or separated from it. The smaller the parts are, the more 

* The following, according to Amici, are the ad\rantages pf his mi^ 
croscope. 

1. The observer has the convenience of beihg able to examine the 
object in a horizontal position^ while, iu those constructed on the di- 
optrical principle, . the object is examined in a vertical position, that 
IS, from above. Therefore, the observer may' be seated, has no occar 
sion to bend his head, and can examine objects more conveniently, or 
for a longer time, than with a large dioptrical instrument on the com- 
mon construction. 

2, The different degrees of magnifying power can be easily and 
speedily applied and changed, nothing more being necessary for this 
purpose than to change the eye-glass, without varying the position or 
distance of the object, so that it may be examined with great rapidity 
in all different degrees of magnitude, without the least variation of 
the point of view ; while in the dioptrical instruments, it is not only 
necessary to change the object-glass, but also the visual distance, 
which not only occasions loss of time^ but very seldom admits of the 
object being again seen in the same position, and in the same point of 
view. 

3. As in this new instrument the object always remains in the same 
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powerful ought the magnifiers to be which are employed. 
The transparency or opacity of the object must also be 
considered, and the glasses employed, must be selected 
accordingly; for a transparent object will bear a much 
greater magnifier than one which is opaque, since the near- 
ness of the eye, when s^ high magnifier is used, unavoidably 
darkens an object in its own nature opaque, and renders it 
very difiicult to be seen, unless by the help of an appara- 
tus contrived for that purpose, like EUis^s microscope, with 
a silver speculiun. Most objects, however, become trans- 
pfurent by being divided into extremely thin parts* 

The degree of light must always be suited to the object 
If that be dark, it must be seen in a full and strong light; 
but if transparent, the light should be proportionably weak; 
for which reason there is a contrivance, both in the single 
and double microscope, to cut off the superabundant rays, 
when such transparent objects are to be examined with the 
largest magnifiers. The light of a candle is, for many ob- 

position, and is kept constantly at the distance of half an inch from 
the hody of the microscope^ it consequently admits of our examining 
objects immersed in fluid, and animals swimming, and that nearly 
at an equal 4epth, and in e^ery degree of magnitude. With diop- 
trical instruments, on the other hand, this is quite impossible, on ac- 
count of the shortness of the focal distance in the highest degrees of 
magnifying power, as the object-lens must be brought so near the ob- 
ject as almost to come in contact with the fluid. 

4. The light may be brought to bear upon all sides, and in all di- 
rections, even by means of a lamp or taper, as the flame can be 
brought very near the illuminating mirror witliout being troublesome 
to the observer. ^ 

5. As metallic specula do not disperse the light, and consequently 
produce no colours, the objects appear of their natural colour. 

6. The diameter of the concave mirror being so large, compared 
with its ibcal-iHstance, we may expect so much more distinctness, 

7. As the distinctness of the image produced by reflection, is greater 
than that produced by refraction, the degree of magnifying power may 
be carried much higher. 
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jects, and especially for such as are very bright, transpa- 
rent, and minute, preferable to daylight ; for others, a se- 
rene daylight, is best : but sunshine is the vorst light ct 
all; for it is reflected from objects with so much glare, 
-and exhibits such gaudy colours, that nothing can be de- 
termined from it with any certainty. This remark, how- 
ever, does not extend to the solar microscope ; for with that 
itistrument, the brighter the sun shines, the better ; as with 
the sdlar microscope, we do not see the object itself, on 
which the' sunshine is cast, but only the image or sha- 
dow of it greatly extended ^ on a screen ; and, therefore, 
no confusion can arise from the strong reflection of the 
sun's rays from the object to the eye, as with other micro- 
scopes. And with the solar microscope, we must rest 
contented with viewing the true figure of an object, with- 
out expecting to find its natural colour ; since no shadow 
can possibly exhibit the colour of the body which it repre- 
sents. 

Most objects require also some management in order to 
bring them properly before the glasses. If they are flat 
and transparent, and such as will not be injured by pres- 
sure, the best way is to inclose them between two thin 
pieces of Muscovy talc, fastened by brass rings in a hole 
made thi'ough a slip of metal or ivory, 'called a slider. By 
this means, we may very conveniently preserve the feathers 
of butterflies, the scales of fishes, and the farina of flowers, 
as also the parts of insects, the whole bodies of minute ones, 
and a great number of other objects. Each slider should 
contain three, four, or more holes, which should not be 
filled promiscuously; but all the objects preserved in one 
slider should be such as require the same magnifying 
power to view them, that there may not be a necessity of 
changing the glasses for every object; and the sliders 
should be marked with the number of the magnifier to be 
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used in viewing what it contains. In f^(»ng the object! 
in the sliders, it is proper to have at hand a snuill magni- 
fier, of about an inch focus, to examine and adjust them 
byi before they are fixed down by the rings. 

The circulation of the blood may be most easily seen 
in the tails and fins of fishes, in the fine membranes be- 
twe^i the toes of, a frog, or best of all, in the tail of a 
water-newt. Such parts of objects of this description, as 
are intended to be particularly viewed, must be expanded 
within a glass tube ; several sizes of glass tubes usually 
accompany a microscope, and such a oae should be selected 
as will just admit the object, which will then remain more 
quiet to be examined. 

If fluids come under examinaticm, to discover the ani- 
malcula they contaio, a small drop is to be taken with a 
hair-pencil, or on the point of a clean pin, and placed on a 
plate of glass. If they are too numerous to be thus seen 
distinctly, some warm water must be added to the drop ; 
they will then separate, and may* be seen extremely well. 
But if a saline solution is to be examined, another method 
must be resorted to ; as the plate of glass must be heated 
till part c>f the fluid is evaporated, when the crystals are 
seen to shoot forth in the most beautiful figures. 

The camera obscura is of two sorts. The first and most 
dmple method of exhibiting the images of objects natu- 



rally, in a dark chamber, consists in perforating a shutter 
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with & very minute aperture, and the image of any neigh- 
houring object will be seen on the opposite wall. That it 
must he inverted, will be evident, from a reference to the 
section of an apartment in the preceding diagram. 

As the lines from the base of the tree F, cannot enter 
the small hole, it will be evident, that the ray will invert a 
portion of the image, which will now fall at d, whOe the ray 
B will be carried down to c ; a similar effect will also be 
produced by the passage of the intermediate rays.* 

A portaNe camera obscura may also be constructed si- 
milar to the annexed figure. 



The external box H L N E D £, has a shutter or 
cover P B, moving on a hinge S C, and when open, as 
in the figure, it carries two lateral boiu-ds, which serve 
to exclude the light as much as possible from the rough 
glass R, placed immediately beneath the shutter P B S C, 
and upon which the observer is to look. The fore side, 
or part of the box is wanting, and in that aperture an- 
other narrower box E F G I K slides. This box wants 

* A very siiii|>le experiment, admirably calculated to illustrate this 
optical deception, maybe peiformed by merely piercing a card with a 
small pin, and the image of a lamp or candle may iben be seen invert- 
ed upon a piece of paper placed a liltle beyond it. 
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the inner side, and has a convex glass lens fixed at G. If 
this machine be turned with the lens G towards any objects 
that are well illuminated, it is evident that an inverted 
picture of these objects will be formed within the box on 
the side H O L' N ; and that picture may be rendered, dis- 
tinct ,by moving the sliding box £ F K I in or out, in order 
to adjust the focus according to the distance of the exter- 
nal objects. Now, at the back part of the box, a flat piece 
of looking-glass is situated, at an inclination of half a right 
angle, as is shown by the lines O A ; in consequence of 
which, the rays of light fall upon the looking-glass, and 
are reflected upwards to the rough glass R, which forms 
that part of the side of the box which lies under the cover 
P B S C. The picture then is formed upon that- rough, or 
semitransparent glass, and will appear erect to a spectator 
situated behind the box, and looking down upon the glass 
R ; because that part of the picture, which falls upon the 
lower part of the looking-glass, is reflected to the upper 
part of the rough glass: viz. to the part next the hinge 
S C, and vice versa, as may readily be understood by refer- 
ence to the figure. 

, The magk lantern may be thus described : let a candle 
or lamp A, be placed in the inside of a box, so that the 
light may pass through the plano-convex lens T T, and 
strongly illuminate the object R S, which is a transparent 
painting on glass, inverted, and moveable before T T, by 
means of a sliding piece, in which the glass is set or fixed. 
The illuminating power of the lamp is materially increased 
by the reflection of light from a concave mirror o o, placed 
at the other end of the box, which causes the light to 
fall upon . the lens T T, as is shown by the dot- 
ted lines in the figure. Lastly, a lens c c, fixed in .^a 
sliding tub6, is brought to the requisite, distance from 
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the object S R, and a large erect image R S is farmiid 
upon the opposite wall. 

In the coalman lanterns, the figures are painted on the 
glass, but all the rest of the glass isieft transparent; con- 
sequently, the image on the screen is a circle of light» 
having a figure on it. Rut in the phantannagoria, all the 
glass is made opaque, with the exception fif the figure, which 
being painted in transparent colours, the light ^ines through 
it : for this reason, therd'ore, no light can come upon the 
screen but what passes through the figure itself ; consequent- 
ly, we have upon the screen a figure only, without any circle 
of light, as in the common magic-lantern. Instead, also, 
of the represeotatioQ being made upon a wall or a sheet, as 
is usually the case, it is thrown upon a thin screen of silk 
placed between the lantern and the spectator. The apf 
pearance of the image approaching and recedii^, is owing 
dmply to removing the lantern farther from the screen, or 
bringing it neater to it : for the size of the image must in- 
crease as the lantern is carriedback, because the light ra- 
diates in the form of a oone ; and as no part of the screen 
can be seen, the figure appears to be formed in the air, and 
to move farther off wheo it becomes smaller, and to come 
nearer as the lantern is carried towards the screen. 
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The tekscope was inyeiited about the end of the six- 
teenth century, and the discovery is commonly supposed 
to have been casual. The account which is generally 
received is, that Zacharias Jansen, a spectacle-maker of 
Magdeburgh, trying the effects of a convex and concave 
glass united, foijnd that, when placed at a certain distance 
from eadi other, they had the property of making distant 
objects appear nearer to the eye; but the optical laws 
which led to this, result, were not fully examined till the 
time of Kepler. 

The astronomical telescope win ^xst claim our notice.* 
This instrument consists of two convex lenses. A, B, K, M^ 
fig. 1, plate 1, each fixed at the extremity of a different 

* A very beautiful analogy between this instrument and the mi- 
croscope has been drawn by Dr. Chalmers. He says^ speaking of the 
two instruments t^^^' The one led me to see a system in every star. 
The other leads me to see a world in every atom. The one taught me 
that this mighty globe, with the whole burden of its people, and of 
its countries, is but a grain of sand on the high field of immensity. 
The other teaches me, that every grain of sand jnay harbour within it 
the tribes and the families of a busy population. The one told me of 
the insignificance of the world I tread upon. The other redeems it 
from all its insignificance; 'for it tells me that in the leaves of every 
forest, and in the flowers of every garden, and in the waters of every 
rirulet, there are worlds teeming with life, and numberless as are the 
glories of the firmament. The one has suggested to me, that beyond and 
above all that is visible to man, there may be fields of creation which 
sweep immeasurably along, and carry the impress of the Almighty's 
hand to the remotest scenes of the universe. The other suggests 
to me^ that within and beneath all that minuteness which the aided eye 
of man has been able to explore^ there may be a region of invisibles ; 
and that, could we draw aside the mysterious curtain which shrouds 
it from our senses, we might there see a theatre of as many wonders as 
Astronomy has unfolded, a universe within the compass of a point so 
small, as to elude all the powers of the microscope, but where the 
wonder. working God finds room for the exercise of all his attributes, 
where he can raise another mechanism of worlds, and fill and animate 
them all with the evidences of his glory/' 
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tube. One of the tubes is very short, as its use is merely 
to adjust the focus in proportion to %he distance of the 
object viewed ; and it slides within the other. The tubes 
are not represented in the figure, as the external form of 
telescopes is familiar to almost all. Contrary to the 
arrangement which takes place in the microscope, the 
glass which has the longest focus is presented to the 
object, and therefore constitutes the object-glass. 

P R represents a very distant object, from every point 
of which rays come so very little diverging to the object- 
lens K M of the telescope, as to be nearly parallel : p r 
is the picture of the object P R, which would be formed 
upon a screen situated at that place. Beyond that plac^> 
the rays of every radiant single point proceed divergently 
to the eye-glass A B of greater convexity, and which 
causes the rays of each pencil to become parallel, in which 
direction they enter the eye of the observer at O. 

The axes of the two lenses are coincident, in the di- 
rection Q L O ; L q is the focal distance of the object- 
glass, and E 9 is the focal distance of the eye-glass ; conse- 
quently, the distance between the two glasses is equal to 
the sum of their focal distances. An object viewed through 
this telescope, by an eye situated at O, will appear mag- 
nified and distinct, but inverted. The object seen without 
the telescope, will be, to its appearance through the te- 
lescope, as 9 E to f L ; that is, as the focal distance of 
the eye-glass to the focal distance of the object-glass. For 
the pencils of rays, which, after their crossing at rqp 
proceed divergently, fall upon the lens A B, in the same 
manner as if a real object were situated at rqp, and, con- 
sequently, after passing through that lens, the rays of 
each pencil proceed parallel. Now to the eye at O, the 
apps^ent magnitude of the object P R is measured by 
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the angle B O A, or by its equal p'E r; but to the naked 
eye at L, when the glass is removed^ the apparent mag- 
nitucte of the object is measured by the angle P L R, or 
by its equal r L p : therefore the apparent magnitude to 
the naked eye, is tp the apparent magnitude through 
the telescopei as .the angle r L p is to the angle p £ r ; 
or as the distance 9 £ is to the distance q L. 

If the angles rTup and p'Er were equal to each other, 
the telescope would not magnify ; and they would be equal, 
if the lenses were of equal focal distance. Hence, as the 
magnifying power of the telescope is produced by making 
the focal distance of the eye-glass less than that of the 
object-glass, it will easily be perceived, that the greater 
the difference of the focal lengths, the greater will be the 
magnifying power. In practice, however, it is found that 
they may be so disproportionate, that the increased mag*, 
nifying power is overbalanced by the indistinctness which 
ensues. In order, therefore, to obtain a very great mag- 
nifying power, witl\ the preservatipn of just proportion, 
these telescopes have sometimes been made one hundred 
^eet or upwards in length; and as they were u^ for 
astronomical purposes, or mostly in the night-time, they 
were frequently used without a tube ; viz. the objects 
lens was fixed oh the top of a pole, in a frame capable of 
bding moved by a cord or wire in any required direction, 
and the eye-glass, fixed in a short tube, was held in the 
hand, or fitted to another frame about the height of the 
observer, so as to be susceptible of a simultaneous move- 
ment. 

A telescope of this description was called an aetial teles- 
cope. Its use is evidently incommodious ; but such was the 
incredible' pains taken by philosophers in exploring the 
wonders which even the imperfect telescopes at first 
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constructed, promised to lay open, that with sudi m 
instrument the five satellites of Saturn, and many other 
remarkable objects, were discovered. The length of 
common refracting telescopes must be increased in no 
less a proportion than the square of the increase of their 
magnifying power; so that in order to magnify twice 
as much as before, with the same light and distinctness, 
the telescope must be lengthened four times; and to mag- 
nify three times as much, nine times. On this account, 
their unwieldy length, when great powers are desired, 
is unavoidable. 

The breadth of an object-glass adds nothing to the 
magnifying power; for whatever it may be, the image 
will be equally formed at the distance of its focal length ; 
but the brilliancy of the image will be increased by the 
breadth, as a greater number of rays will then diverge 
from every point of the image. 

The magnifying power, and the field of view, in this 
telescope may be increased by using two p]ano^<»nvex 
lenses, combined so as to act like one glass ; and suck 
a combination is now generally employed. The dis- 
proportion above alluded to, which may subsist between 
an object-glass and an eye-glass, arises from this circun^ 
stance, that a lens does not converge the rays of the same 
radiant pcnnt, exactly to the same refracted focus, and the 
indistinctness, which is thus occasioned in the image, 
increases with the thickness of the lens, and the increase 
of its curvature. Hence arises the limitation to the use 
of highly magnifying eye-glasses. The field of view is 
enlarged by enlarging the eye-glass; but if a lens of 
very short focus were made large, the irregularity of its 
refraction would throw the view into concision ; if it 
were made su£Bciently small to prevent this, it would be 
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equally useless from its contracted field of yiew^ and the 
want of light. But if two plano-convex^ lenses be used) 
the curvature of both conjointly will be less than the 
curvature of a single lens of equally magnifying power; 
such a combination^ therefore, will improve the eye-glass 
of a telescope, because the aberration of the rays passing 
through it will be less than through a single lens of the 
same focus. 

The astronomical telescope, by the use of two addi- 
tional eye-glasses, shows objects in their right position* 
and becomes a terrestrial telescope, that is, adapted for 
looking at objects on the earth. . It is still more frequently 
called a perspective glass. This telescc^ is diown at 
fig. 2,' plate 1. The rays of each pencil coming from the 
iuHige L M of the object I K, emerge parallel from the 
lens A B, and having crossed at its focus, O, they continue 
in that direction to the lens E F, in consequence of which 
they form an image S T at the focus of the second lens, 
and again diverging, they fall upon the third lens, C D, 
in the same manner as they did upon the lens A B ; 
therefore, after their emergence from 'this last lens, they 
fall parallel upon the eye at 6. But as the last image, 
S T, is not inverted as at L M, but in the same position 
as the object I E, the eye sees a true or upright picture, 
as if the rays had come directly from the object. 

Galileo's Telescope consists of a convex object-glass^ and 
a concave eye*glass, as represented by fig. 3, plate \* The 
dist^knce between the two lenses is less than the focal disr 
tance of the object-glass ; but tl^e concave glass is situated 
so as to make the rays of each pencil fall plarallel upon 
the eye, as is. evident by conceiving the rays to go back 
again through the eye-glass, towards O ; E O being the 
focal length of the eye-glass. 
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When the sphere of concavity in the eye-glass of a 
Galilean telescope is equal to the sphere of convexity in 
the eye-glass of another telescope, their magnifying power 
is the same ; but the concave glass being placed between^ 
the object*glass and its focus, the Galilean telescope will 
be shorter than the other, by twice the focal length of the 
eye-glass. Hence, if the lengths of the telescopes be the 
same, the Galilean will have the greatest magnifying 
power. 

Having already seen that the coloured rays forming the 
prismatic spectrum, differ in refrangibility, it will be quite 
evident that the nearer a lens approaches to the form of a 
prism, the more unequal must its refractive power be. It 
■will, however, be apparent, by a reference to the figures 
shown in the prismatic spectrum, .that every convex lens 
partakes of this defect, and it is on this account that the 
extremities of objects, viewed through them, are invariably 
foudd to be tinged with coloured rays ; for the rays having 
different foci, will form their respective images at different 
distances from the glass. This defect in the construction 
of the telescope was at first considered as a necessary con- 
comitant to all instruments in which great magnifying 
power was required; and Sir Isaac Newton, who first 
suggested the practicability of emplo3dng a compound lens, 
appears to h!ave been too much absorbed by other pursuits 
to mature an arrangement of that description. The same 
result was attempted by Euler, who recommended a dou- 
ble object glass, consisting of two lenses, with water be- 
tween them. 

' The published memoir of the Swiss philosopher excited 
the attention of Mr. Dollond, an optician of considerable 
celebrity ; who, trying the refractive power of water, com- 
bined with glass, in the form of a prism, ascertained that a 
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series of glasses ^th different refractive powers would pro- 
duce a similar effect. . 

The object-glasses of DpUond'^s telescopes are composed 
of three distinct lenses, two of which are convex, and the 
other concave. The concave one is by British artists, 
placed in the middle, as represented in the accompanying 
figure, where a and c show the two convex lenses, and ft b 




the concave one. The two convex ones are made of Lon- 
don crown glass, and the middle one of white flint-glass, 
and they are all ground to spheres of different radii, ac- 
cording to the refractive powers of the different kinds of 
glass, and the intended focal distance of the object-glass of 
the telescope. According to Boscovich, the focal distance 
of th« parallel rays for the concave glass is one-half, and 
for the convex^-glass one-third of the combined focus. 

In instruments where only a small magnifying power is 
required, and in case^ in which it would be difficult to in- 
troduce the compound achromatic glass of Dollond, Dr. 
Brewster suggests the use of a variety of substances, con- 
sisting principally of essential oils, which are made to form 
achromatic combinations by means of single lenses, when 
employed as in the annexed list. 



SalMtaacet fit for Ey* GImm*. 

Glass of lead. 

Oil of casia 

Oil of anise seeds. 

Oilof cammin. 

Oil of cloves. 

Oil of sassafras. 

Oil of sweet fennel seeds. 

Oil of spearmint. 



SalMtancM fit for Object GUsmb. 

Crown glass. 
Plate glass. 
Water. 
Alcohol. 
Sulphuric acid. 
Oil of ambergrease. 
Rock crystal. 
Topaz. 
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In supporting the large nfriicting telescope, some con- 
triTance is necessary, to enable die observer to facilitate 
the tnotion of tbe instrument Indeed, it requires to be 
supported at both ends, and tJien the nearer support must 
' have adjustments for both altitude and azimuth, while the 
xemote one may be a point of rtst. 



The accompanying ^agram shows a support for the eye- 
end of a long telescope, which was originally contrived by 
Smeaton, and which is well calculated for its intended pur- 
pose. A B C D is a mahogany frame, four feet six inches 
high ; the cross piece A B is fifteen inches long, and the 
piece C D serenleen, at the distance •of eighteen from the 
other; another frame E F 6 H, with parallel sides, .nine 
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inches apart^ and more tender than the other frame, pawncfl 
through the cioss-barg of the former, in such a way as to 
hare an easy motion ; a cylinder or rod of brass is screwed 
by its head-piece to the cross-bar £ F, and descends from 
M to N, through a wooden screw L O, which is hollow 
within, and cut into a screw round its circumference : thia 
wooden screw terminates above with a brass socket and 
thumb-screw, which acts as a screw of pressure against the 
interior brass rod ; the thick wooden piece L has a female 
screw*, acting with the male screw of the hollow wooden oy«- 
lind^r L O, but is so made fast to the crots4bar A B, by a 
circular plate of brass above, that though it will turn 
round, it will neither lUMend nor desoead ; eonsequendy^ 
will produce an ascending or descending motion in llui 
wooden cylindrical piece L O, and also in the brass cod 
M N, held by the screw K, attached to it. The conca<?e 
piece of bi^ss I, has two motions in its stem, one hori8oau> 
tal, and the other vertical, like those in die stem of a small 
telescope, and receives the eye-end of a Icmg tdeeoope, to 
wliich it is screwed, while the remote end is supported by 
the branch cf a tree, the block of a puUey, ah opening JA 
the roof of a house, or other elevated part of a buildiBg; 
The adjustments aiie thus managed t when the elevated taiA 
at the telescope is made to rest on its bearer, the eye-end 
adapts itself to the inclination by die jcmt in its stem under 
C ; thea the wh<^ frame is turned to face the object, when 
the dictilar motion of the same small stem yields, and al- 
lows the long tube to remain quiet ; and if the tube is tuot 
exactly pointed in azimuth to the object, Jdbe brass piece F, 
into which the stem I is made fast, slides aloi^ ^ groove 
made in the front face of the cross-bar E F, until the adjiistr 
memt for azimuth is cc»nplete. This diding motion, being 
manual, may be either quick.or dow, as the observer desires,; 

I 2 
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therefore, when a body in motion is once in the field of 
view, it may be followed without difficulty, by pushing the 
sliding-piece P in a proper direction. The quick and slow 
motions for adjustment in altitude are separate, and! are 
thus produced : first, the thumb-screw K is turned back, 
so as to let the rod M N ascend freely, till the altitude 
is nearly right, when it is fixed, and then the piece X is 
turned, backward or forward, as the case may require, with 
the right hand, while the left slowly slides the piece P, un- 
til the object is in the middle of the field; and when dis- 
tinct vision has been properly obtained by the small tube 
at the eye-piece of the telescope,' the pieces L and P,' held 
respectively in each hand, will always a£Pord^the means of 
keeping the object in the proper part of the field ; and 
though the support has but two legs, yet its coni!iection 
with ihe support at the object end, through the heavy 
4ube of the telescope, will always keep it in its plisu^ when 
the adjustments are settled. ' 

' We come now to the reflecting telescope. Mathemati- 
dans had demonstrated^ that a pencil of rays could not 
be collected in a single point by a spherical lens ;' and also, 
that the image transmitted by such a lens would be in some 
degree incurvated. Gregory, a young man of great abili- 
ties, was induced to believe that thesie inconveniencies, 'and 
also the great length of the refracting telescopes, would be 
obviated by substituting for the object-glass of the common 
telescope, a metallic speculum, of a parabolic figure, to re- 
ceive the itnage, and to reflect it towards a smidl speculum 
of the same metid. This again was to return the image to 
an eye-glass placed behind the great speculum, which, for 
that purpose, was to be perforated in its centre^ These 
ideas were published by Gregory in 166S, but, as be jx>s- 
^gsed no mechanical dexterity himself^ and could find no 
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workman capable of realizing his invention^ it might have 
sunk into oblivion, had not Sir Isaac Newton, in the course 
of his discoveries, found that the errors arismg from the 
different refrangibility of light were kicomparably greater 
than those arising from reflection ; and being himself as re- 
markable for manual skill, as mathematical knowledge, he 
was itidependent of others for the execution of his design. 
He therefore determined to try what could be done, and 
executed two reflecting telescopes in 167S, on a plan some- 
what different to what Gregory had proposed. Although 
a good metal for the speculum was not then known, aL 
though he had to contrive for himself the method of po- 
lishing it, and although his tdescopes were but six inches 
long, yet in power they were quite equal to a ux-feet re- 
flector, and were capable of showing Jupiter^s satellites. 

One great advantage of the reflecting telescope is, that it 
will admit of an eye-glass of a much shorter focal distance 
than a refracting telescope of the same length ; consequent- 
ly, it wiU magnify so much the more. This advantage 
arises principally from the rays of light not being dis- 
persed by reflection as they are by refraction, and partly 
from the practicability of giving the large reflectors a 
form either paraboUcal, or at least, such as answers better 
than the spherical figure. 

The theory of Gregory's telescope msLj be first examined. 
Plate I, fig. 4, represents a section of this instrument as 
it was originally made; fig. 5, being the improved form ; 
in both which we may use the same letters of reference to 
the corresponding parts. A B C D, in each figure, denote 
the tube of wood or brass, in which two concave specula 
are contained ; the large one, B^D, is perforated at the cen- 
tre, and placed contiguous to the interior end of the tube, 
but in such a way as to have a little play when pressed by 
a circular spring behind it ; E P is the small speculum. 
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irinch is of shorter ladias tbaii the specolum B D> and hw 
its oentre placed exactly in the centre of the tube opposiie 
the central aperture in the large q)eculum» and is so ad« 
josted by the screws behind it, that the image of the large 
speculum forms a ccsicentric circle on its reflecting surfiKe, 
when viewed by an eye situated in the central hole of the 
krge speculum. In this instrument, as in the refracting 
telescope, it will be most convenient to describe first the 
formaticm of the primary image of a distant object in the 
body of the tube, and then die microscopic means iqp{died 
for rendering this image visible in an apparently magmfied 
state ; for in truth there is actually a compound reflecting 
microscope made use of as a constituent part of thb instru- 
ment, in the same manner as the terrestrial tube of a re<- 
fracting telescope of the best achromatic construction, is in 
itself a compound refracting microscope. In the first place, 
agreeaUy to the laws of catoptrics, if we consider a b and 
€ d two rays of light cmning from the centre of a distant 
arrow in a state of divergence approaching to parallelism, 
and impinging on the large speculum at the point b and d, 
n^or the remote edg6s of the speculum, and at equal dis* 
tances from its axis, they will be reflected inwardly^ so as 
to meet at the point «, in the common axis of both the spe- 
cula, and will form the image of the central point of the 
arrow ; and in like manner, any number of rays proceed- 
ing from the opposite ends of the said arrow^ may be ooo- 
eeived to fall on the speculum, and to be reflected to the 
points A and i, and to all the intermediate points, so as 
to form a perfect image A e t^ in an inverted position, be- 
cause the rays which alter the tube from the right-hand 
end of the arrow, will, after reflection, cross the azis> and 
totm the left-hand end of the image;, and vice versa-^ 
When an image is^ thus farmed, if it could be viewed. 
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under sufficileiitly favourable drcunustances, by an eye 
placed in the rertex or coitral aperture of the large qpo- 
culum, it would subtend the same angle as the object it- 
self seen from the same situation, as we have already de* 
monstrated ; and, therefore, the length of the image will 
bear the same proportion to the length of the object which 
it represents, as its distance from the eye, or vertex, is to 
that of the object ; so that the longer the radius of the 
speculum which forms the image, the more distant, and, 
consequently, the longer will this image be, as compared 
with the object ; and for the same reason, the nearer the 
object, the longer will its image be, until the dtuaticxk is at 
the centre of concavity of the speculum, wh»e the object 
and image will ccmidde, and appear of like magnitude, but 
in contrary positions. 

This formation of the primary image being understood, 
we must in the next place consider it as a real microscopic 
object, placed somewhere between the face of the large 
speculum and its centre of concavity : which situation will 
always depend on the distance of the real object itself, or^ 
which is the same thing, on the degree of divergence of the 
incident rays coming from the object. Now, if the small 
speculum were so placed, as to have this primary image, of 
microscopic object, in its solar focal point, the rays ccnooing 
from it would be reflected towards the large speculum in a 
paraUd state ; and passing through the central opening of 
the large speculum, would never converge so as to form a 
primary image, in which case the conjugate focus would 
be said to be in/inite : and if the said primary image were 
nearer to the small speculum than its solar focUs, the re- 
flected rays would diverge, so as not to reach the central 
hole of the large s^ieculiun at all » but if the distance of 
the primary image A e i, exceeds the solar focus of the small 
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gpeculum E F, which is at the poidt/, then the reflected 
Fays ccnning from the primary image, will converge to a 
. coiijugate focus somewhere in the axis, and form a ^e^' 
condary image, the magnitude of which will increase with 
its distance from the primary image, which we now consi- 
der as a real microscopic object. The place where this se- 
condary image will fall, will depend on the distance of the 
primary image from the solar focus of the ismall speculum ; 
and a small change of this distance will cause a great cor- 
responding change in the place of the secondary image, or 
conjugate focus ; so that an adjustment for a small forward 
and backward motion of the small speculum, by means of 
a screw at the end of a long rod placed parallel to the 
tube, and reaching to the eye-end, will suffice for regular- 
ting the place where the secondary image shall most con- 
v«iiently fall to be viewed by an eye-glass. The secondary 
image has its position reversed, as it regards the primary 
one, and is therefore in the same position as the object it- 
self , or what is usuaUy called erect ^ in opposition to invert- 
ed. This secondary image was originally made to fall 
within the tube, as at A; / in the focus of the eye-glass 
G H, through which it may be viewed by a small hole at 
I, where the visual angle 6 I H is now considerably en- 
larged. 

The best arrangement for the Newtonian reflecting tele- 
scope is shown on the next page. A telescope of this de- 
scription forms part of the valuable apparatus in the Lon- 
don Institution. A, is the elevated mouth of the tube, and 
B, the place of the large speculum, that reflects the rays 
of light, back to the small diagonal plane metal near C, 
which, by a second reflection, brings therii to a focus at the 
eye-piece below C, as seen in the engraving. Above C, is 
the finder, the upper end of which has a small achromatic 
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object-glass, and the lower end the eye-glass. The upper 
end of the tube rests on a support D, that is capable of 
being raised or lowered slowly, by a pinion on the axis of 
the handle under D, while the lower end rests on the ho- 
rizontal bar of the frame F, that is suspended by a pul- 
ley over F ; the four pivots a, b, c, and d, of the said 
frame, sliding in the open grooves, seen near those letters, 
in the mun frame, keep the small A^une in any given atua- 
tion, and allow a free motion, first down the vertical, and 
then down the inclined pieces, that compose the main 
frame, as low as to G and H ; and when the lower end of 
the tube has been depressed into this situation, the tube 
may have an elevation approaching towards the zenith: 
for not only is the upper end elevated by tbe_ handle at J 
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for the quick, and at D for the slow motions, but the. 
'lower c»ie is depressed by the handle at I, round which 
the cord is coiled, that goes round a fixed collar at K, 
and two others at M, before.it embraces the pulley N, 
and is hooked to a pin at O, above the frame. The 
rest of the main frame is so cleaiiy exhibited in the 
engraving, that no farther description of it is neces- 
sary. In some of the instruments of this construction, 
when the handle J is omitted, aud a quicker motion 
in altitude is required, and also a greater elevation than 
can be given simply by the handle at D, the second 
square stem that carries the pinion of the handle is raised 
by hand, and kept to its elevation by means of a second 
rack, which is set at liberty by pressing a button at P, 
connected wjth the spring-catch of the rack, when this 
squared stem is lowered again : all which motions wiU be 
readily comprehended by any person tolerably acquainted 
with the mechanism of rack-work. The quick motion in 
azimuth is given by sliding the lower end of the tube 
gently along the bar on which it rests, or by moving the 
whole frame, which moves on castors ; but the slow motion 
is produced by the screw at D. It is scarcely necessary to 
add, that the eye of the observer is applied to the side of 
the tube near its mouth, when the finder has pointed the 
tube properly to its object 

In 1781, Sir William (then Dr.) Herschel began a 
thirty-feet aerial reflector ; but his mirror, thirty-six inches 
in diameter, having at one time cracked in the cooling, 
and at another period run into the fire, from a failure 
in the furnace, his project was partially abandoned. But 
the plan for forming a telescope oi extraordinary size 
having been submitted by Sir Joseph Banks to the King, 
His Majesty offered to defray the expense of it, and, 
under his patronage, this distinguished optician beg^n. 
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about the end of the year 1785, to conatnict atelescope of 
forty feet in focal length. This splendid instrument, 
which magnifies 6450 times, was completed on the S7th of 
August 1789; and on the day following, Dr. Herschel dis- 
covered a new satellite belonging to the planet Saturn.* 

* The tube of this gigantic telescope is made of rolled, or sheet- 
iron, the thickness of the sheets being somewhat less than a d6th 
part of an inch. Great care was taken in so joining .the plates of which 
the tube is composed, together, that the cylindrical form should be 
secured, and then the whole was coated over three or four times with 
painty inside and outside, to secure it against the damp. The tube 
was formed at a sbort distance from its present situation, and removed 
with great eaae by twenty-fonr men, divided into six sets ; so that 
two men on each side, with a pole of five feet long in their hands, to 
which wa» affixed a piece of coarse cloth, seven feet long, going un- 
der the tube, and joined to a pole of five feet long, in the hands of two 
other men, assisted in carrying the tube. The length of the tube is 
39 feet 4 inches, the diameter 4 feet 10 inches 3 and, upon a moderate 
computation, it is supposed that a wooden tube for the* same purpose 
would have exceeded this in weight by at least 3000 pounds. The 
length of the iron plate forming the tube, and composed of smaller 
ones, 3 feet 10 inches long, and 23^ inches broad, is nearly 40 feet, 
and the breadth 15 feet 4 inches. 

The great mirror is made of metal, 49^ inches in diameter ', but the 
concave part, or polished surface, is only 48 inches in diameter. Its 
thickness is 3^ inches; and, when it came from the mould, its weight 
was 8118 pounds, of which a small quantity must have been lost in 
polishing. An iron ring, 49^ inches in diameter, within, 4 inches 
broad, and 1^ thick, with three strong handles to it, goes round the 
mirror, and a flat cover of tin is made to correspond to thiis ring, that 
the mirror may be preserved from damp; and, by an easy contrivance, 
it is taken off and fixed on at pleasure. 

At the upper end, the tube is open, and directed to the part of the 
heavens intended for observation, to wliich the observer's back is 
turned, and he, standing on the foot-board, looks down the tube, and 
perceives the otject, by rays reflected from the great mirror, through 
the eye-glass at the opening of the tube. Near the place of the eye- 
glass is the end of a tin pipe, into which a mouth- piece may be placed; 
so that, during an observation, a person may direct his voice into this 
pipe, whilst bis eye is at the glass. This pipe is ij inch in diameter, 
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A new form of the telescope may here be biiefly noticed ; 
it is represented beneath. 



The great mirror is, as usual, at the bottom of the prin- 
cipal tube, but instead of having its axis coincident with 
that of the tube, it is inclined, so as to throw the image 
upwards, through an aperture for that purpose, to n o, 

runs down to the bottom of the tube, where it goes in to. a turning 
joint, thence into a drawing tube, and out of 'this into another turn- 
ing joint, from whence it proceeds by a set of sliding tubes towards 
the front of the foundation timber. The use of this tube is to. con- 
rey the voice of the observer to his assistants ; for, at- the last place, it 
divides itself into two branches^ one going into the observatory, the 
other into the workman's room^ ascending in both places through the 
floor,' and being terminated in the usual shape of speaking-tnitnpets. 
Though the voice passes in this manner, through a tube with many 
inflections, and not less than 115 feet, it requires very little exertion, 
to be well understood. 

To direct so immense a body to any part of the heavens at pleasure^ 
much ingenuity^ and many mechanical contrivances are evidently ne- 
cessary. The whole apparatus rests upon rollers, and care was pre- 
viously taken of the foundation in the ground. This consists of con- 
centrical circular brick walls^ the outermost 42 feet, the innermost 
21 feet in diameter ; 2 feet 6 inches deep under ground, 2 feet 3 inches 
broad at the bottom, and 1 foot 2 inches at the top^ capped with 
paving stones, about 3 inches thick, and 12| inches broad. In the 
centre is a large post of oak, framed together with braces under 
ground, and walled fast with brick-work^ to make it steady. Round 
this centre, the whole frame is moved horizontally, by means of twenty 
rollers, twelve upon the outer, and eigl^t upon the inner wall. 
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wh^ce the rays diverge, and falling upon the small specu* 
lum, are reflected ..by it to the eye, as in the Gregcman 
teiesGope. Here we .have supposed the small mirror to be 
concaye, but that is not the form invariably resorted to, 
as.it is clear, that the same principle is preserved, if the 
whole diameter of the mirror is employed to reflect light ; 
and, therefore, it may have the small mirror convex, like 
Oassegrain'^s reflector, or plane, like Newton's. 

!The two mirrors of a telescope should not have precisely 
the same curve. Maskelyne has observed, that when the 
two specula are parabolas, they cause a very considerable 
aberration, which is negative, that is to say, the focus of 
the extreme ray is longer than those of the middle ones. 
If the large speculum is a parabola, the small one ought to 
bean ellipse; but when the. small speculum is spherical, 
which is genertdly the case in practice, if concave, the 
figure of the large speculum, ought to be an hyperbola; if 
convex, the large speculum ought to be an ellipse, to free 
the telescope from aberration. This will be easier under- 
stood, by attending to the positions of the first and second 
images ; when a curve is of such a form, that lines drawn 
from each image, and meeting in any point of the curve, 
make equal angles with the tangent to the curve at that 
point, it is evident that such curve will be free from aber- 
ration. 

• The following observations on a very important adjust- 
ment, of which telescopes ought to be susceptible, are fur- 
nished by Mr. Nicholson. " Every, attentive observer 
must have taken notice, that light is of as much conse- 
quence to artificial vision as magnifying power. It may 
therefore, afford matter of surprise, that the most variable 
of all adjustments of the eye, viz. that of aperture, should 
never be introduced into our artificial combinations. Dis» 



126 ADJUSTMENT OF T£LESCOF£S. 

tant woods» and other land objects, 01:6 invisible to a Ugh 
magnifying power, for want of light ; when the same ob^ 
ject may be distinctly seen with a lower. By means of an 
artificial iris, which an ingenious artist wiU find little di^- 
culty in contriving, this disadvantage in telescopes might 
be obviated. Suppose a brass ring to sunround the object 
end of the telescope, and upon this, let eight or more tri- 
angular slips of brass be fixed, so as to revolve on equi-dis- 
tant pins, passing throu^ each trismgle near one of its 
comers. If the triangles be slidden in upon eadi other, it 
may readily be apprehended, that they will close the aper- 
ture ; and if they be all made to revolve or sUde backwards 
alike^ it is cleur, that their edge will leave an octagonal 
aperture, greater or less according to circumstances* The 
equable motion of all the triangles may be produced either 
by pinions and one-toothed wheel, or by what is called 
snail-work. Another kind of iris, more compact, may be 
made by causing thin elastic slips of brass to slide along, 
parallel to the tube, and be conducted through a slit in a 
brass cap, which will lead them across the aperture in a 
radial direction. 

The micrometer is an important part of the telescopic 
apparatus, and as siich, must not be passed unnoticed. 

Mr. Ramsden has described two valuable mftcrometera, 
which he contrived^ with the view of remedying the defects 
of those that Had been previoudy constructed. One of these 
is a catoptric micrometer, and can have no aberration, nor 
is it liable to any defect arising from the imperfection of 
its materials^ or execution: as the extreme simplicity, of its 
coasstruction requires no additional mirrors or glasses to 
those required for the telescope ; and the separiUicm of the 
image being effected by the inclination of the two specula, 
and not depending on the focus of any lens or mirtOTy any 
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alteration in the eye of an observer cannot affect the acngle 
measured. It has also the advantages of an adjustment, to 
make the images coincide in a direction perpendicular to 
that ot their motion; and also of measuring the diameter 
of a planet on both ndes of the zero, which is of no small 
advantage to observers) who know how much easier it is to 
ascertain the contact of the external edges of two images, 
tUlm their perfect ccdncidenoe. A, Plate I, £g. 6, repre- 
sents the small speculum cf a reflecting telescope, of Casse* 
grain's construction, to which diis micrometer is adapted, 
divided into two equal parts ; one ot which is fixed on the 
end of the arm B ; the other end of the arm is iSxed en a 
steel axis X, which crosses the end of the . telescope C. 
The other half of the minor A is fixed on the arm D, 
which arm at the other end terminates in a socket ^, that 
turns on the axis X ; both arms are prevented from bend- 
ing by the Inraces a a. G represents a double screw, 
having one part, e, cut into double the number of threads in 
an inch to that of the partg ; the part e, having ahundred 
threads in one inch, and the part g fifty only. The screw, 
e, ^orks in a nut F, in the side of the tdescope, while the 
peart g, ttuns in a nut H, which is attached to the arm B ; 
the ends of the arms B imd D, to which the minors are . 
fixed, are separated from each oth» by the point of the 
dcMible screw pressing against the stud i, fixed to the arm 
D, and turning in the nut H on the arm B. The tw6 
arms B and D, are pressed against the direction of the 
double screw, e g, by a spiral spring within the part n, by . 
which means all shake or play in the nut H, on which the 
measurement depends, is entirdy prevented. 

From the diflference of the threads oa the screw at e and 
g, it is evident that the progressive motion of the screw 
through the nut will be half the distai^oe of the separaticm 
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of the two halves of the mirror, and, consequently, the 
half mirrors will be moved equally in contrary directions 
from the axis of the telescope C. 

The wheel V, fixed on the end of the double screw, has 
its circumference divided into 100 equal parts, and num- 
bered at every fifth division, with 5, 10, &c. to 100 ; and 
the index, I, shows the motion of the screw with the wheel 
round its axis, while the number of revolutions of the 
screw is shown by the divisions on the same index. The 
steel screw, R, may be turned by the key S,- and serves to 
incline the small mirror at right angles to the direction of 
its motion. 

The other micrometer, invented and described by Mr. 
Ramsden, is suited to the principle of refraction. This 
micrometer is applied to the erect eye-tube of a refracting 
telescope, and is placed in the conjugated focus of the first 
eye-glass ; in which position, as the image is conaderably 
magnified before it comes to the micrometer, any imper- 
fection in its glass will be magnified only by the remaining 
eye-glasses, which in any telescope seldom exceeds five or 
six times; and besides, the size of the micrometer glass 
will not be the hundredth part of the area which would be 
required, if it were placed at the object-glass ; and yet the 
same extent of scale is preserved, and the images are uni- 
formly bright in every part of the field of the telescope. 
This micrometer is represented at fig. 7 in the same plate. 
A, is a convex or concave lens, divided into two equal 
parts by a plane across its centre ; one of these semi-lenses 
is fixed in a frame B, and the other in the frame E, which 
two frames slide on a plate H, and are pressed against it by 
thin plates, a a ; the frames B and E are moved in contrary 
directions by turning the button D ; L is a scale of equal 
parts on the frame B ; it is numbered from each end to- 
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wards the middle with 10, 80, &c. There are two ver- 
niers on the frame E, one at M , and the other at N, tor 
the conveniency of measuring the diameter of a planet, &c. 
on both sides of the zero. The first division on both these 
verniers, coincides at the same time with the two zeros on 
the scale L ; and, if the frame is moved towards the right, 
the relative motion of the two frames is shown on the scale 
L by the vernier M ; but if the frame B be moved to- 
wards the left, the relative motion is shown by the ver- 
nier N, 

This micrometer has a motion round the axis of vision, 
for the conveniency of measuring the diameter of a planet, 
&c. in any direction, by turning an endless screw F ; and 
the inclination of the diameter measured with the horizon, 
is shown on the circle g, by a vernier on the plate V. The 
telescope may be adjusted to distinct vision by means of an 
adjusting screw, which moves the whole eyeutube with the 
micrometer, nearer or farther from the object-glass, as tele- 
scopes are generally made ; or the same effect may be pro- 
duced in a^better manner, without moving the micrometer^ 
by sliding the part of the eye-tube m, on the part n, by the 
help of a screw or pinion. The micrometer is made to take 
off occasionally from the eye-tube, that the telescope may 
be used without it. 

Sir William Herschel applied a lamp-micrometer to Sir 
Isaac Newton's reflecting telescope. ^Two moveable lamps, 
the light of which is made to pass through two small holes, 
are placed at a convenient distance from the telescope, in the 
direction at which the observer looks at the image. These 
points of light are observed by the left eye, and brouj^ 
to the opposite sides of a planet which comes within the 
sphere of vinon of the right eye ; and by measuring their 
distance from each other, and from the eye, the angle un^ 
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ider which the magnified diameter appears will be known, 
i^hich, divided by the magnifying power of the telescope, 
gives the apparent diameter required. The bonstruction of 
this micrometer is as foUows : A B 6 C F £, fig. 8, Plate I. 
is a stand nine feet high, upon which a semicircular boards 
q hog p, is moveable upwards or downwards, in the man- 
ner of some fire-screens, as occasion may require ; and is 
held in its situation by a peg />, put into any one of the 
holes of the upright piece A B. This board is a segment 
of a circle, of fourteen inches radius, and is about three 
inches broader than a semicircle, to give room for the 
handles r D^ e P, to work. The use of this board is to 
carry an arm L, thirty inches long, which is made to move 
upon a pivot at the centre of the circle by means of a 
string, which passes in a groove upon the edge of the semi- 
circle pgohqi the string is fastened to a hook at o, (not 
expressed in the figure, being at the back of the arm L,) 
and passing along the groove from sh to q, is turned over a 
pulley at q, and goes down to a small barrel e, within the 
plane of the circular board, where a double-jointed handle, 
e P, commands its motion. By this contrivance, we see the 
arm L may be lifted up to any altitude from the horizon- 
tal position to the perpendicular, or be. suffered to descend 
by its own weight below the horizontal to the reverse per- 
pendicular situation. The weight of the handle, P, is suffi- 
cient to keep the arm in any given position ; but if the mo- 
tion shoidd be too easy, a friction-spring applied to the bar-^ 
, rel will increase the friction at pleasure. 

In front of the arm, L, a small slider, about three inches 
long, is moveable in a rabbet froni the end L towards the 
centre, backwards and forwards. A string is fastened to 
die left side of the little slider, and goes towards L, where 
it passes round a pulley at m, and returns under the arm 



L AMP-MICROMETXK. 131 

from 171 n, towards the centre, where it is led in a groove on 
the edge of the arm, which is of a circular form, upwards 
to a barrel (raised above the plane of the circular bdard) 
at r, to which the handle, r D, is fastened. A second string 
is fastened to the slider, at the right side, and goes towards 
the centre, where it passes over a pulley n, and the weights 
w, which is suspended by the end of this string, returns the 
slider towards the centre, when a contrary turn of the hasu 
die permits it to act. 

a and b are two small lamps, two inches high, one inch 
and a half in breadth by one inch and a quarter in depth. 
The sides, back*, and top, are made so as to permit no light 
to be seen. ; and the front consists of a thin brass sliding 
door. The flame in the lamp, a, is placed three-tenths of 
an inch from the left side, three-tenths from the front, and 
half an inch from the bottom. In the lamp 6, it is placed 
at the same height and distance, measuring from the right 
side. The wick of the flame consists only of a single very 
thin lamp-cotton thread ; for the smallest flame being suffi- 
cient, it is easier to keep it- burning in so confined a place. 
In the top of each lamp must be a little slit, lengthways, 
and also a small opening in one side near the upper part, 
to permit air enough to circulate to feed the flame. To 
prevent every reflection of light, the side opening of the 
lamp a, should be to the right, and that of the lamp b, to 
the left. In the sliding door of each lamp is made a small 
hole, with the point of a very fine needle, just opposite the 
place where the wicks are burning, so that when the sliders, 
are shut down, and every thing dark, nothing shall be seen 
but two fine lucid points of the size of two stars of the 
diird or fourth magnitude. The lamp a, is placed so that 
its ludd point may be in the centre of the circular boardy 
where it remains fixed. The lamp ft, is hung to the little 

Kg 
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slider, wfaidi moves in the rabbet of the arm, so that its 
lucid p(Hnt in a horizontal position of the arm, may be on 
a level with the lucid point in the centre. The moveable 
lamp is suspended upon a piece of brass, fastened to the 
slider by a pin, exactly behind the flame upon which it 
moves as a pivot. The lamp is balanced at the bottom by 
a leaden weight, so as always to remain upright, when the 
arm is either hfted above, or depressed below, the horizon- 
tal position. The double-jointed handles, r D, e P, con- 
sist of light deal rods, ten feet long, and the lowest of 
them may have divisions, marked upon it near the end P^ 
expressing exactly the distance from the central ludd point, 
in feet, inches, and tenths. 

From this construction we see, that a person at a dis- 
tance of ten feet may govern the two lucid points, so as 
to bring them into any required position south or north, 
preceding or following from to 90°, by uang the handle 
P ; and also to any distance from six-tenths of an inch, to 
five, or six and twenty inches, by means of the handle D, 
If any reflection or appearance of light should be left from 
the top or sides of the lamps, a temporary screen, consist- 
ing of a long piece of pasteboard, or a wire-frame covered 
with black cloth, of the length of the whole arm, and of 
any required breadth, with the slit of half an inch broad in 
the middle, may be affixed to the arm by four bent wires, 
projecting an inch or two before the lamps, situated so 
that the moveable lucid point may pass along the opening 
left for that purpose. 

Fig. 9, represents part of the arm L, half the real £ze ; 
S, the slid^.; .»fi, the pulley over which the cord xtyz,is 
returned towards the centi^ ; v, the other cord going to 
^he pulley n, ci fig. 10; R, the l>ra88 jpiece, moveable upon 
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thi^ pin c, to keep the lamp upright* At R, is a wire 

f 

rivetted to the brass piece, upon which is held^the lamp, by 
a nut and screw. Figs. 11 and 12, represent the lamps a, 6, 
with the sliding doors open, to show the situation of the 
wicks. W, is the leaden weight, with a hole, dj in it, 
through which the wire, R, is to be passed, when the 
lamp is to be fastened to the slider S. Fig. 18, repre- 
sents the lamp a, with the sliding door shut ; /, the lu- 
cid point ; and i k, the openings at the top, and s, at the 
sides, for the admission of air. 

Cavalliis micrometer is simple and valuable. It consists 
of a small semi-transparent scale, or slip of mother-of-pearl, 
about the twentieth part of an inch broad, and of the thick- 
ness of common writing-paper. It is divided into a num- 
ber of equal parts, by means of parallel lines, every fifth 
and tenth of which divisions is a little longer than the 
rest. 

This micrometer, or divided scale, is situated within the 
tube, at the focus of the eyeJens of the telescope, where 
the image of the object is formed, and with its divided 
edge passing through the centre of the field of view, though 
this is not absolutely necessary* It is immaterial whether 
the telescope be a refractor or a reflector, provided the eye* 
lens be convex, and not concave, as in the Gkililean tele- 
scope. 

The simplest way of fixing it is to stick it upon the 
diai^tagm, which generally stands within the tube, at the 
focal distance of the eye-lens. By looking through the te- 
lescope, the image of the object and the micrometer will 
appear to coincide ; hence, the observer may easily see how 
many divisicnis of the latter measure the length or breadth 
of the former; and knowing the value of the divisions of 
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the micrometer, he may eaidly determine the angl6 which 
is subtended by the object.* 

The mother^f-pearl micrometer may be applied to a 
microscope, and it will thus serve to measure the lineal di- 
mensions of the object. The value of its divisions may be 
ascertained by placing an object of a known dimension be- 
fore the microscope, and by observing how many divisions 
of the micrometer measure its magnified image. For in- 
stance, place a piece of paper, which is exactly one-tenth of 
an inch long before the microscope, and if it is found that 
50 divisions of the micrometer measure its magnified image, 
the observer may conclude that eadi division denotes an 
extension of the 500th part of an inch in the bbject ; for 
if 50 divisions measure 1-lOth, 500 divisions must measure 
the whole inch. 

Mother-of-pearl was found, by Cavallo, after many trials, 
to be a much more convenient substance than either glass, 
ivory, horn, or wood, as it is a very steady substance, the 
divisions are easily marked upon it, and when made as thin 
as common writing-paper, it has a very useful degree of 
transparency. 

* There are several methods of ascertaining the value of the divisions 
bf a micrometer in a given telescope. The following is one of the 
easiest : direct the telescope to the sun, and observe how many divi- 
sions of the micrometer measure its diameter exactly ; then take out 
of the Nautical Almanack the diameter of the sun for the day in 
which the observation is made; divide it by the above-mentioned 
number of divisions, and the quotient is the value of one division of 
the micrometer. Thus, suppose that 26^ divisions of the micrometer 
measure the diameter of the sun, and th« Nautical Almanack gives 
for the measure of the angle which is subtended by the same diame- 
ter, 3l'.22"; or (by reducing the whole into seconds) 1882 seconds. 
Divide 1886 by 26.5, and the quotient neglecting a small remainder, 
is 71", or I'.l l" ; which is the value of one division of the microme- 
ter; and, therefore, the value of any greater number of divisions is 
easily ascertained. 
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Scientific men have often bad occasion to regret the difli- 
eulty of procuring fibres sufficiently elastic for micrometers. 
'The difficulty of obtaining silver wire of a diameter small 
enough, induced Mr. Troughton to use the spider's web, 
which he has found so fine, opaque, and elastic, as to an- 
swer all the purposes of practical astronomy. But as it is 
only the stretcher, or long line, which supports the web, 
that possesses these valuable properties, the difficulty of 
procuring it has compelled many opticians and practical 
astronomers to employ the raw fibres of unwrought silk, or 
what is still worse, the coarse silver wire manufactured in 
this country. For these, Dr. Brewster has succeeded in 
obtaining a substitute, in a delicate fibre, which enables the 
observer to remove the error of inflection, while it possesses 
the requisite properties of opacity and elasticity. This fi- 
bre is made of glass, which is so exceedingly elastic, that 
it may be drawn to any degree of fineness, and can always 
be procured and prepared with facility. This vitreous fi- 
bre, when drawn fron^ a hollow tube, will always be of a 
, tubular structure, and its interior diameter may always be 
regulated by that of the original tube. When such a fibre 
is formed, and stretched across the diaphragm of the eye- 
piece of a telescope, it will appear perfectly opaque, with a 
delicate line of light extending along its axis. As this cen- 
tral transparency arises from the transmission of the inci- 
dent light through the axis of the hollow tube, and this 
tube can be made of any calibre, the diameter of the lumi- 
nous streak can be either increased or diminished. In a 
micrometer fitted up in this way by Dr. Brewster, the 
glass fibres are about 1-lSOOth of an~ inch in diameter ; 
and the fringe of light is distinctly visible, though it does 
not exceed l-3000th of an inch. In using these fibres for 
measuring the angle subtended by two luminous poititi^ 
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the fibres may be separated, as hitherto done, till the lu- 
,minou6 points are in contact with the infenor surfaces; but, 
in order to avoid the error arising from inflection, it is pro- 
posed to separate the fibres, till the rays of .light issuing 
from the luminous points dart through the transparent axis 
of the fibres. The rays thus transmitted, evidently suffer 
no inflection in passing through the fibre to the eye ; and, 
besides this advantage, the observer has the benefit of a 
delicate line, about one-third of the diameter of the fibre 
itself.* 

The principle of the new micrometer invented by Dr. 
Brewster, is to have one or more pieces of wires absolutely 
fixed in the field of the telescope, and to separate them by 
an optical instead of a mechanical contrivance; for it is 

* It may be proper to »tate, that Professor Wallace, of the Royal 
Military College^ has suggested the employmlcnt of asbestos fibres in 
lieu of the fine lyire or spider's web previously used for the' eye^piece 
micrometer, and a filament about l-3000th of an inch in diameter, 
having been applied to a telescope, was found to answer very pei^ 
fectly the purpose for which it was intended. 

The inventive genius of Dr. Wollaston has, however, far outstripped 
those %vho preceded him in the production of a micrometer fibre. 
The contrivance by which it is effected, is so ingenious, and promises 
to be productive of such valuable results, that it may be advisable 
to annex the account of the process employed by this philosopher. 

" The extremity of a platinum wire having been fused into a globule 
nearly oue-fourth of an inch in diameter, was next hammered out in- 
to a square rod, and then drawn again into a wire l-2d3rd of an inch 
in diameter. One inch of this wire duly coated with silver, was drawn 
till its length was extended to one hundred and eighty two inches ; 
consequently, the proportional diminution of the diameter of the pla- 
tina will be expressed by the square root of 182, so that its measure 
had become ^ ^ m^^^I Ss' ^^^ specific gravity of the coated wire 
was assumed to be J0*.o, and since the weight of one hundred inches 
was one hundred and fourteen grains, its diameter was inferred to be 
l-42,ath of an inch, or just eighty times that of the platina containtd 
in iu" 
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obviously the same thing, whether the wires are opened to 
embrace the sun's diameter, or the sun's diameter magni- 
fied till it fills the space between the wires. This change, 
however, in the magnitude of the object, must be efiected 
in a part of the telescope anterior to the wires. In order 
to accomplish this, a second object-glass is made to move 
between the principal object-glass and its focus, by which 
means the magnifying power of the instrument, and con- 
sequently the angle subtended by the wires, may be con- 
stantly changed. When the object-glasses >are in contact, 
the angle subtended by the wires is a maximum ; and when 
they are at their greatest distance, the angle is a minimum, 
and every intermediate angle between these two is mea- 
sured by a scale of equal parts, equal to the focal length of 
the principal object-glass. In this construction, the imper- 
fections of the screw, the error arising from the uncertainty 
of the zero, from the bad centering of. the lenses, from the 
want of parallelism in the wires, and from the minuteness 
of the scale, are completely removed. 

The principle of the preceding micrometer applies most 
happily to the Gregorian and the Cassegrainian reflecting 
telescopes ; and, what at first sight may appear paradoxi- 
cal, these instruments may be converted into a very accu- 
rate micrometer, almost without the aid of any additional 
apparatus. A moveable object-glass is not necessary, as in 
the former case ; for the magnifying power of these reflect- 
ing telescopes may be varied, merely by varying the dis- 
tance between the eye-piece and the great speculum'. 

The same optical principle constitutes the foundation of 
the new divided object-glass micrometer. In the old mi- 
crometer of this construction, invented by Savery, two 
semi-lenses were made to separate from and approach to 
.each other by a fine screw ; and when the two imaged of 
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the object were in contact, the distance of the centres of 
the semi-lenses was a measure of the angle which it. sub- 
tended. In Dr. Brewster^s micrometer, however, the semi- 
lenses, fixed at an invariable distance, are made to move be- 
tween the object-glass and its focus, so that the two images 
can easily be brought into contact, and the angle measured 
upon a scale of equal parts as large as the focal length of 
the object-glass. 
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SIMPLE ELECTRICAL PHENOMENA. 

Excitation of Bodies. — Attraction and Repulsion. — Power 
of Conduction. — Construction of the Electrical Machine. 
-^-Improved Cylinder and Plate Machines. — Leyden JBj> 
perinient. — Coated Electrics. — Battery. — Electrometers. 

The common phenomena of electricity* were well known 
to the ancients, though thej do not appear to have been 
aware of the connexion that subsists between atmospheric 
electricity, or lightning, and that which is produced by . 
artificial means. Electrical phenomena are usually charac- 
terised by the attraction and recession of light substances ; 
the consequent production of motion in them, and of sensa- 
tion in living bodies, and by the evolution or production of 
light. There are various methods by which these effects 
may be produced, but the following are the most obvious 
sources of their production. Friction ; change of form ; 
change of temperature ; contact of dissimilar bodies. 

Of the first kind, viz. friction, the instances are most nu- 

* This science appears to, have deriFed its name from that of the 
6rst substance in which any of its properties were discovered. This 
was amber, the Greek name of which is v^Mierpov, evidently derived 
from *HAff«r«p, a name by which Homer designates the sun. It has 
been said by some that the ancients, observing amber to possess the 
property of attracting light substances when rubbed, termed it elee- 
irum, and that hence arose the word electricity. Those who entertain 
this opinion, would derive the name from the Greek verb cXm*, to 
draw ; though this appears to be a very forced derivation, as amber 
was called by the name of electron long before it was known to pos- 
sess the magnetic property of attraction. 
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merous, and, under certain limitations, universal; they 
may indeed be obtained by rubbing any of an extensive 
list of resinous and siliceous substances : and of dry, ve- 
getable, animal, and mineral productions. The electricity 
thus excited, is most readily rendered visible by its effects 
on the gold leaf electrometer. 

Examples of the second kind are also very numerous. 
If a small quantity of sulphur be melted and poured into a ^ 
conical wine glass, it. will contract slightly, and become elec- 
trical in cooling. A silk thread with a small hook at the 
end of it, or a rod of glass should be inserted in the sul- 
phur while in a fluid state, to serve as a handle for sepa- 
rating it from the glass when cold. On being separated 
from the glass, the sulphur will exhibit other signs of elec- 
tricity ; if kept in th^ glass, it will retain its electric virtue 
for years, and evince it very perceptibly on every attempt 
to separate the two substances. 

Mr. Henly discovered that chocolate, fresh from the 
mill, becomes strongly electrical, as it cools in the tin 
pans. It soon loses this property, but recovers it once or 
twice, by being melted in an iron ladle and poured, into the 
tin pans. When the mass becomes dry, the electricity can- 
not be restored by melting, unless olive oil be mixed with 
it in the ladle ; in which case it completely recovers its 
^ectric power. M. Chaptal observed the same circum- 
stance during the congelation of glacial phosphoric acid. 
The condensation of vapour, and the evaporation- of fluids, 
though apparently opposite processes, are alike sources of 
electrical excitation. 

Various crystallized gems, and a stone called the tourma«- 
lin, become electrical by the mere application of heat ; and 
the effects of friction are generally increased, if it is pre- 
ceded by a moderate elevation of temperature. 
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The contact of dissimilar bodies is probably in all cases 
the real primary cause of electrical excitement ; but it is 
rarely employed alone, for electricity is known to us only 
by its effects, which are constantly the result of an artificial 
arrangement, and consequently may not immediately suc- 
ceed the primary cause of electric powers, similar in their 
separate action on the electrometer, and other indifferent 
matter ; but exerting a mutual influence on each other, de- 
structive of their individual properties. 

It was at first supposed that these phenomena were pe- 
culiar to the substances by which they were produced; 
hence the power excited by the friction of glass was termed 
vitreous electricity ; and that by the friction of sealing-wax, 
resinous electricity. It has, however, long since been 
proved that both powers are produced in every case of 
electrical excitation; and, because their mutual counters- 
action of effect resembles that of an afiirmative and ne- 
gative power, they have been styled positive and negative 
electricity. 

The determination of these two states of electricity in 
different excited bodies is of importance to the prac- 
tical electrician, and may be thus effected : — Sealing-wax 
when rubbed on woollen cloth is negatively electrified. 
Glass, when rubbed with silk is positively electrified. Let 
an electrometer be made to diverge by its being approach- 
ed by an excited stick of sealing-wax : while in this state, 
approach it with any excited body, the electricity of which 
is to be determined. If the divergence of the electrometer 
4ncFease, the presented body is negative ; if it be diminish- 
ed, the presented body is positive. In other words, all 
those substances that lessen the divergence occasioned by 
excited wax, are po^tive ; and such as increase it, nega- 
tive : whilst those which lessen the divergence produced 
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by excited glass, ore negative ; and such as increase it, po- 
sitive. 

As an illustration of the doctrine here advanced, let the 
following simple and easily performed experiments be 
made. Roll up a warm and dry piece of flannel, so that 
it may be held by one extremity, while a stick of sealing-- 
wax is rubbed with the other. After a slight friction, 
present the flannel to an electrometer, which will instantly 
diverge ; while this divergence continues, bring the stick 
of sealing-wax near the cap, and the leaves of the electro- 
meter will quickly collapse. Both these substances, it is 
obvious, are electrified by mutual friction, but their elec- 
tricities are opposite ; that of the wax being negative, and- 
that of the flannel positive. 

The electricities thus produced are equal to each other : 
for if the friction be repeated, and the two substances be 
both presented to the electrometer at the same time, no 
signs of electricity appear : the opposite electricities, when 
applied together,- producing a reciprocal counteraction of 
effect. 

If a black and a white silk riband be excited in contact, 
in the manner already described, the black riband will be 
. found to be negatively and the white one positively elec- 
trified. 

Take the sulphui!' cone already described, ^PP^y ^^ ^^^ 
the glass separately to the electrometer; the cone will be 
found to be negatively, and the glass positively electrified. 

From the above experiments it appears, that in all cases 
of excitation, positive and negative electricity are produced 
at the same time, and may be observed by the use of pro- 
per means. But it also appears that by friction with the 
same substance, different bodies scte Variously affected; 
for glass rubbed with silk evinces positive electricity : but 
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wax rubbed with silk is rendered negative. Again, jk^ 
lished glass, when rubbed with silk, ikin-wool, or metal, 
becomes positive ; but if it be excited by friction against 
the back of a livtdg cat, it appears negative. Wool, silk, 
or fur, rubbed against sealing-wax, are rendered positive ; 
but gold, silver, or tin, are by the same process rendered 
negative. 

Electricians have drawn up tables for showing at one 
view what kind of electricity will be produced by rubbing 
various electrics with different substances ; the following 
mny be adduced on the authority of Mr. Cavallo. 

Ts reodvred By friction with 

8aH»th01a« Po«tiTe {^'S™*!*^ "'^'^ *^'^ ""^ ** 

f Positive Dry oiled silk, sulphur, metals* ' 

Rough Glass < ^ t' i Woollen doth, quills, wood, paper, sealing- 

(^ ega ive «^ wax, white wax, the* human hand. 

m ' .. ' r Positive Amher, blast of air from bellows. 

^''*'™*^ I Negative Diamonds, the human hand. 

f p '*' /Metals, silk, loadstone, leather, hand, paperi 

Hare's skin J *^<»>«^e ^ baked wood. 

(^ Negative Other finer furs. 

Wh't S'lk i ^^^^^^^ Black silk, metals, black cloth. 

i Negative Paper, hand, hair, weasel's skin. • 

I Positive SefJing wax. 

Black silk i n ti / Hare's, weasel's, and ferret's skin, loadstone, 

I egative -^ brass, silver, iron, hand, white silk. 

I Positive Some metals. 

Sealing wax "^ m *' / Hare's, weasel's, and ferret's skin, band, lea* 

( ®^ ® \ ther, woollen doth, paper, some metals« 

J Positive SUk. 

\Iiegative FlanneL 



Baked Wood 



The effects of attraction and repulsion which result frpm 
the friction of these bodies, may be rendered apparent by 
a variety of contrivances. It may be advisable tp select 
a few of the most simple. 

If we take a small downy feather or a pith ball suspend- 
ed by a thread, and, holding the thread, bring the ball 
Aear an electrified conductor, either positive or negative 2 



144 £Fy£CTS OF ATTRACTION AND B£rUL810N. 

the ball will be attracted by the electrified conductor, and 
adhere to it, until its electricity is destroyed. 

Such bodies as are positively electrified, tend to difilise 
their superabundant fluid amongst surrounding substances ; 
and those that are n^^ative, endeavour to acquire the elec- 
tric fluid : hence, either state of electricity will produce 
attraction ; for if light bodies are to be moved, it isindifie- 
rent whether the electrified surface attracts their natural 
electric fluid, or the matter to which it is attached ; for the 
attraction arises only from the different proportions of these 
in any two bodies, and will of course continue whilst that 
difference exists. 

We may repeat the preceding experiment with a ball or 
feather supported by a silk thread: the light body will 
first be attracted to the electrified conductor, and will then 
recede from it ; nor can it again be brought in contact un- 
til it has touched some conducting substance. The light 
body is here attracted for the same reason as before, but 
it is insulated, and Consequently receives, by contact with 
the electrified surface, ,a similar electric state ; it therefore 
recedes from that surface, being attracted by the ambient 
•air, or other surrounding bodies ; for they have their na- 
tural portion of electricity, and therefore differ from the 
light body, which has either more or less ; but the electri* 
fied surface does not differ from the light body, and con^ 
sequently cannot attract it, till, by touching some con- 
ductor, its natural electric state is restored. 

We may add a very pleasing variety of the last-men- 
tioned experiment. — Take a glass tube, whether smooth or 
rough is not material, and, after having rubbed it, let a 
small light feather be let out of your fingers at' the dis- 
t^cnce of about eight or nine inches from it. This feather, 
will be immediately attracted by the tube, and will adhere 
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very close to its surface for about two or three seconds, and 
sometimes longer ; after which it will be repelled ; and, 
if the tube be kept under it, the feather will continue float- 
ing in the air at a considerable distance from the tube, 
without coming near it again, except it first touch some 
conducting substance : and, if the tube be managed dex- 
terously, the operator may drive the feather through the 
room at pleasure. This experiment may be varied as fol- 
lows : a person may hold in his hand an excited tube of 
smooth glass, and another may hold an excited rough glass 
tube, a stick of sealing-wax, or any other electric negatively 
electrified, at about one foot and a half distance from the 
smooth glass tube ; a feather now may be let go between 
these twQ differently excited electrics, and it will leap al- 
ternately from one electric to the other. 

Some bodies possess the power of accumulating, others 
of transmitting this subtle fluid, and experiment shows 
that there is a gradation of efiect from one class of bodies 
to the other. Those which transmit electricity with fsu 
cility are called conductors; those whose transmitting 
powers are inferior, imperfect conductors : and such as 
have no power of transmission, non-conductors; but in 
general the various bodies in nature are divided into two 
classes only ; the remote extremes of each forming the in- 
termediate class. 

In tlie following enumeration of the principal conductors, 
the substances are placed nearly in the order of their per- 
fection ; but the determination of this circumstance has not 
hitherto been accomplished with much precision. 



All the known metals. 
Well-burnt charcoal. 
Plumbago. 
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Concentrated acids. 
Powdered chaixx>al. 
Diluted acids, and saline fluids. 
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Metallic ores. 

Animal fluids. 

Sea water. 

Spring water. 

River water. 

Ice above 19o of Farenbeit. 

Snow. 

Living vegetables. 

living animals. 



Flame. 

Smoke. 

Steam. 

Most saline substances. 

Rarefied air. 

Vapour of aloohoL 

Vapour of ether. 

Most of the earths. 

Most stones. 



To the above, Dr. Brewster adds powdered glass and 
powdered sulphur, which, he says, have been found to be 
conductors by the experiments of Van Swinden. 

Many of the above-mentioned substances fail to conduct 
electricity when they are made perfectly dry ; hence it is 
concluded that their conducting power arises from the 
water they contain. Indeed, this faculty dbes not per- 
manently exist in any of the bodies enumerated, but varies 
and disappears with their modifications of temperature, 
&o. Thus hot water is a much better conductor than cold 
water is ; the same is the case with charcoal and other sub- 
stances. 

The nonconductors are also called electrics ; they are as 
follows : 



Shell-lac, amber, resins. 

Sulphur, wax, jet. 

Glass, and all vitrifications, talc. 

The diamond, and all transparent 
gems. 

Raw silk, bleached silk, dyed silk. 

Wool, hair, feathers. 

Dry paper, parchment, and lea- 
ther. 



Some silicious and argillaceous 

stones. 
Camphor, elastic gum, lycopo- 

dium. 
Native carbonate of barytes. 
Dry chalk, lime, phosphorus. 
Ice at 13« of Fahrenheit. 
Many transparent crystals when 

perfectly dry. 
Ashes of animal bodies. 



Air, and all dry gases. 

Baked wood, dry vegetable sub- Ashes of vegetable bodies. 

stances. Oils, the heaviest are the best. 

Porcelain, dry marble. Dry metallic oxides. 



Many substances in the preceding list lose their non- 
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conducting power, and become conductors, when intensely 
heated. Such is the case with red-hot glass, melted resin, 
wax, &c. ; but the most intensely heated air, if unaccom* 
panied by flame, is not a conductor^ Many fibrous sub- 
stances attriw[it water so refidily, that it is absolutely neces- 
sary to dry and warm them before their non-conducting 
property appears ; this is particularly the case with paper, 
flannel, parchment, leather, &c. The influence of heat on 
this property is, indeed, very remarkable. It is well ex- 
emplified in the following instance : wood, in its natural 
state, is a conductor; if^baked, its moisture is expelled, but 
its organisation is not altered : it is then a non-conductor. 
By exposure to a greater heat, its volatile elements are dis- 
sipated, and its indestructible base (charcoal replete with 
alkali) only remains ; this is a conductor ; but if exposed 
again to heat, with access of air, it suffers combustion, and 
is converted into ashes and gases, which are non-con- 
ductors. 

When electricity is excited by friction, the quantity of 
effect is, within certain limits, proportioned to the extent 
of the rubbed surface ; hence it appears that every part of 
that surface is concerned in the production of the general 
effect. Now, that this may be the case, it is essential that 
every part of such surface be insulating; for friction is a 
progressive process, a succession of contacts ; and the effect 
produced by it in the first instant would otherwise be de- 
stroyed by conducting power, before a second operation 
could contribute to its increase. For this reason electricity 
is most usually excited by the friction of a conductor of 
limited size, against the extensive surface of ^ non-con*- 
ductor. 

An apparatus, then, properly 'arranged for the excitation 
of electricity, is called an elecirical machine. We have 

L 2 
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seen that, to excite positive electricity, a glass tube may con- 
veniently be used ; the excitation is produced by rubbing 
it lengthwise by a piece of dry oiled silk, held in the hand, 
which is made to grasp the tube. In this way both the 
silk and the tube are electrified ; but the electricity of the 
silk is destroyed by the conducting power of the hand, and 
that of the tube only appears. In a similar way negative 
electricity is procured by rubbing a large stick of sealing- 
wax with dry flannel or fur ; the electrical power of the 
sealing-wax being all that results. 

Thus, with the most simple machinery, two processes are 
employed to procure the opposite electricities, although 
they are at the same time both excited in each ; but, to ob- 
tain them both, it would be necessary to insulate the silk, 
or flannel, used as rubbers, either by employing them in a 
very dry state, rolled up, so as to produce the friction with 
one extremity, at a distance from the hand, or by affixing 
them to a glass or other non-conducting support ; but nei- 
ther of these methods would be convenient where many ex- 
periments are to be made. .This diflSculty does not occur 
when large surfaces of glass are emjdoyed instead of tubes 
as sources of excitation ; for these may be made circular, 
and proper friction be communicated to them from a fixed 
cushion, placed on an elastic support, against which they 
are made to revolve. 

In examining the construction of the cylinder electrical 
machine^ it may be advisable to select that form which com- 
bines portability with a high exciting power. A cylinder 
machine of this description, contrived by Mr. Ronalds, is 
represented in the accompanying figure, which possesses 
these advantages in a very eminent degree. 

The cylinder H is excited by revolving on its axis, in 
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contact with the rubber or cushion, G. The prime-con- 
ductor F, forms a magazine for holding the electricity 
which has been separated from the rubber ; and for which 
purpose it is provided with a series of metallic points, 
which readily draw electricity from the cylinder. A dove- 
tail joint and screw are placed at the bottom of the rubber, 
to ensure the right degree of pressure on the glass. A, is 
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a box, or case, forming the base of the machine ; I, is a 
copper pipe, the support of a half-cylinder G, also of cop- 
per, and hollow, into which the support I opens, and 
which carries the cushion and rubber ; E, is a very small 
spirit lamp, the burner of which is formed by only one 
thread of cotton, and it is placed immediately beneath the 
mouth of the copper pipe, I. 

The prime-conductor must be placed on a nearly similar 
tube formed of glass. A cylinder ^lachine, thus con- 
structed, of half the dimensions of one made upon the 
usual plan,, is very powerful in its operation, and, what is 
better, always effective. It is most convenient for medi- 
cal purposes ; and if it be required to add the advantage 
of portability, let the box, or case, A, be enlarged §uffi- 
ciently to contain a drawer, which nxay receive the dis- 
mounted cylinder, the rubber with its support, and all 
other necessary apparatus. The two supports, c c, of the 
cylinder, being provided with hinges, may be shut down 
upon the top of the box, and thus the whole reduced to 
convenient dimensions for any mode of conveyance. 

The most powerful excitation of the machine is produced 
as follows: — Let the machine be placed within the influ- 
ence of a good fire, but not so near as to injure any of 
its parts by the action of the heat. Wi|;h a flat round 
pointed knife spread a little amalgam evenly along the 
cushion, and return it to its place : turn the cylinder a few 
times round ; then take off the cushion, and observe care- 
fully those parts on its surface that have not been touched 
by the cylinder while revolving; on these parts put a little 
more amalgam, and repeat the process of turning the cy- 
linder, and supplying the defective parts with amalgam, 
till every point of that part of the surface of the cushion 
which presses on the cylinder appears to be properly sup- 
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plied vrith amalgam.* Take now a piece of leather about 
five or six inches square, and spread over one side of it a 
quantity of amalgam ; throw back the silk flap, and, tum« 
ing the machine gently round, apply the amalgam side of 
the leather to the cylinder for the space of a few minutes, 
during which time the excitation will be observed to in- 
crease rapidly. The cylinder must next be wiped perfectly 
clean with an old silk handkerchief, and afterwards with a 
soft dry linen cloth. Let the cushion be again removed, 
and the amalgam which appears above and below, the line 
of contact with the cylinder carefully scraped off, the silk 
flap wiped with a linen cloth, and the whole returned to its 
place and made fast. If now the cylinder be turned slowly 
round, streams of the electric fluid will be seen rushing 
from the silk flap round the lower part of the cylinder, 
attended with a hissing and snapping noise, while large 
brushes of the same, of several inches in length, may be 
observed flying oflp from the lower edge of the silk into 
the surrounding air. The machine is now fit for use, 

* The followlDg directions for preparing the amalgam for electrical 
machines are given by Mr. Singer. Melt in an iron ladle two ounces 
of zinc with one ounce of tin, and, while this mixture is in a fluid 
state, pour into it six ounces of mercury; let the whole be then put 
into an iron or wooden box, and agitated until it be quite cold. It 
must then be reduced to Bne powder in a mortar, and mixed with 
sweet hogs' lard to the consistence of thick paste. This part of the 
process need not be performed till the amalgam is wanted for use. 
This amalgam, he remarks, answers exceedingly well ; but, he after- 
wards adds, I have since made it with a still less proportion of mer- 
cury with equal effect. The proportions may be two ounces of tin, 
four ounces of zinc, and seven ounces of mercury. The mercury 
must be heated to about 300* of Fahrenheit, before the fused metals 
are added to it. When the amalgam has been agitated until cool, and 
finely powdered, it is to be mixed with hogs' lard by trituration in a 
mortar : and should it at any tioae become hard, more lard must be 
added, and the trituration be repeated. 
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and may be fastened to tlie table; after which the whole of 
its parts are to be well wiped with a warm and dry linen 
(loth to free them from dust. 



A plate electrical machine is represented in the above dia- 
gram. It consists of a circular plate of glass, turning on an 
axis that passes through its centre: it is rubbed by two 
pairs of cushions fixed at opposite points of its periphery by 
elastic frames of thin mahogany, which are made to press 
the glass plate between them with any required degree of 
force, by means of regulating screws. A brass conductor, 
supported by glass, is fixed to the frame of the machine, 
with its branched extremities opposite each other, and near 
the extreme diameter of the plate, in a direction at right 
angles to the vertical line of the opposite cushions. The 
branched extremities of the conductor are furnished with 



PLATE ELECTRICAL MACHINE. 153 

pointed wires, that serve to collect the electricity from the 
surface of the excited plate. 

If we wish to procure negative electricity from this ma- 
chine, the rubbers may be insulated by attaching 
the frame to a glass tube x ; but the usual mode 
of effecting this object is to place the whole appa- 
ratus on a glas3-legged stool, and employ a glass 
handle to give motion to the cylinder. 

The largest specimen of this instrument is that which 
was constructed by Mr. Cuthbertson, for Tyler's museum, 
at Haarlem. The following brief description will fumieh 
some notion of the powers of this immense machine; 
and its construction will be readily understood by the 
description which we shall add of the most improved form 
of the instrument. It consists of two ciFcular plates of 
glass, each sixty-five inches in diameter, and made to turn 
upon the same horizontal axis, at the distance of seven 
inches and a half from one another. These plates are ex- 
cited by eight rubbers, each fifteen inches and a half long. 
Both sides of the plates are covered with a resinous sub- 
stance to the distance of sixteen inches and a half from the 
centre, both to render the plates stronger, and likewise to 
prevent any of the electricity from being carried off by the 
axis. The prime conductor consists of several pieces, and 
is supported by three glass pillars fifty-seven inches in 
length. The conductor is divided" into branches, which 
enter between the plates, but collect the fluid by points 
only from one side of the plate. The force of two men is 
required to work this machine ; but when it is required to 
be put in action for any length of time, four are necessary. 
At its first construction nine batteries were applied to it, 
each having fifteen jars, every one of which contained 
about a foot square of coated glass ; so that the grand bat- 
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tery, formed by the combination of all these, contained 
one hundred and thirty-five feet. 

It is sometimes advisable, for medical and other pur- 
poses, to make a sort of living prime conductor, and, as 
such, to draw sparks from the body. This is eflfected by 
the use of a glass4egged stool. With 
an apparatus of this kind, the medical 
electrician is enabled to insulate his 
patient, and apply this powerful agent 
in the most advantageous way. 

In the formation of the prime conductor, as well as in 
eviery other part of the machine that is intended to retain 
electricity, sharp angular points, or other asperities, should 
be particularly avoided. 

The action of bodies that are pointed or angular ap- 
pears to consist in promoting the recession of the particles 
of electrified air, by protruding a part of the electrical at- 
mosphere of the conductor into a situation more exposed 
to the action of the ambient unelectrified medium, and 
thereby producing a current of air from the electrified 
point to the nearest uninsulating body. On this account, 
the most prominent and the most pointed bodies are such 
as transmit electricity with the greatest facility ; for with 
them this condition is most perfectly obtained. 

A spherical surface is that which, considered with re- 
gard to its surrounding atmosphere, is most uniform; 
hence balls, or cylinders, with rounded ends, are naturally 
employed for insulated conductors, and their magnitude is 
proportioned to the intensity of the electrical state they are 
intended to retain ; for a point is but a ball of indefinite 
diameter, and will act as such on very small quantities of 
electricity ; and a ball of moderate size may also be made 
to act as a point, by electrifying it strongly. 



THE ELECTRICAL FLY. 155 

m 

If two spheres of equal size ure connected together by a 
long wire and electrified , their atmospheres will extend to 
the same distance, and they will of course have respectively 
the same intensity ; but if the spheres be of unequal size, 
the atmosphere of the smallest will extend farthest, and it 
•will necessarily Jiave the greatest intensity ; so that a longer 
spark can be drawn from a small ball annexed to the side 
of a conductor, than from the conductor itself, and longer 
in proportion as the ball projects farther from the side. 
Hence, the finer the point, and the more freely it projects 
beyond any part of the conductor to which it is annexed^ 
the* more rapidly will it receive or transmit electricity. 

The facility with which pointed bodies transmit elec- 
tricity has given rise to several very delicate and beauti- 
. ful experiments to illustrate their operation : of these, the 
following are the most deserving of attention. 

The electrical Jiy may first be noticed. It is shown be- 
neath, and is composed of four small brass wires, fixed 
into a cap of the same material, easily 
movable upon a metal axis, and exactly 
balanced, so that they may turn with the 
smallest possible force. The ends, which 
ou^t to be very sharp, should all be bent in one direction. 
With an Apparatus of this kind, and a powerful machine, 
several flies may be made to turn either in the same, or in 
contrary directions ; and, by their gradual increase or de- 
crease in size, may represent a cone or other figure ; for the 
course of each will be marked by a line of fire, and thus the 
whole will exhibit a beautiful appearance in the dark. The 
flies, in this experiment, turn the same way, whether the 
electricity be positive or negative. ^ 

The electrical orrery is another instrument frequently 
used for showing the efiects of points in the transmission 
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of the electric fluid. Its construction is shown in the 
accompanying diagram ; the ball S represents the sun, F 




the earth, and o the moon, connected by wires s c, and 
b; dfis the centre of gravity between the earth and moon. 
These three balls and their connecting wires are supported 
by the sharp point of a wire, I, which is placed upright in 
the prime conductor of the electrical machine ; the earth 
and moon hanging upon the sharp pmnt of the wire c, in 
which wire is placed a short pin, projecting horizontally 
at c ; and there is a similar pin at o, projecting in the same 
manner from the wire that connects the earth and the 
moon. 

When the cylinder of the electrical machine is turned, 
these balls and wires are electrified ; and the electrified air, 
flying off horizontally from the points, drives the balls 
round their common centre of gravity. 

The electrometer, or electroscope, is a very valuable part 
of the electrical apparatus. By the use of this instrument, 
which has been variously modified and improved by Ben- 
net, Singer, and Coulomb, we are enabled to ascertain the 
presence of electricity in cases where the quantity would 
be otherwise too small for observation. . 

The most simple apparatus for ascertaining the amount 
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of electrical repulsion, consists of two pith bails attached 
to threads, and connected with the prime conductor of the 
machine, so that their divergence serves as a measure of the 
electrical intensity. 

Another form of the pith-ball electrometei* is that in- 
vented by ; Mr. Henley ; it is simple in its construction, 
and extremely useful in numerous electrical experiments 
It consists of a perpendicular stem formedat 
top like a ball, and furnished at its lower end 
with a brass ferule and pin, by which it may be 
fixed in one of the holes of the conductor, or at 
the top of a Ley den jar. To the upper part of 
the stem, a graduated ivory semicircle is fixed 
about the middle of which is a brass arm or cock, 
to support the axis of the index. TKe index con- 
sists of a very slender rod, which reaches from 
the centre of the graduated arch to the brass fe- 
rule; and to its lower extremity is fastened a small pith, 
ball nicely turned in a lathe. When this electrometer is 
in a perpendicular position, and not electrified, the index 
hangs parallel to the pillar ; but when it is electrified, the 
index recedes more or less, according to the quantity of 
electricity, from the stem. The scale in Mr. Henley''s 
quadrant is divided into equal parts ; but M. Achard has 
shown that, when this is the case, the angle at which the 
index is held suspended by the electrical repulsion is not a 
true measure of the repulsive force : to estimate this force 
truly, he demonstrates that the arc of the electrometer 
should be divided according to a scale of arcs, the tangents 
of which are in arithmetical progression. 

The gold-leaf electrometer is a very valuable and delicate 
piece of apparatus. It consists of two thin leaves of metal 
suspended by a cap in a glass insulating cylinder. These, 
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when electrified, immediately repel each other, and show by 
their divergence tht- amount of repulsion. 

There have been sume improvements proposed on this 
electrometer, one of which was by Mr. Singer, and chiefly 
respects the mode of insulation. This instrument is repre- 
sented in the accompanying figures, in which a section and 
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complete view of the exterior of the instrument is Airnished. 
The following brief description will Buflice to convey a cor- 
rect idea of it. Like the preceding, it is constructed with 
a glass cylinder, surmounted by a broad cap of either 
wood or metal. The insulation depends on a glass tube of 
four inches long, and one-fourth of an inch in diameter, co- 
vered on both sides with sealing-wax, and having a l>rass 
wire of a sixteenth or twelfth of an inch thick, and iive 
inches long, passing through its axis, so as to be perfectly 
fi^e from contact with any part of the tube, in the middle 
of which it is fixeii by a plug of silk, which keeps it in a 
concentric position with the internal diameter of the tube. 
A brass cap is screwed upon the upper part of this wire ; it 
serves to limit the atmosphere from free contact with the 
outside of the tube, and at the same time to defend its in- 
side from dust. To the lower part of the wire the gold 
leaves are fastened. The glass tube passes through the 
centre of the cap of the electrometer, and is cemented there 
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about the middle of its length. When this construction is 
considered, it will be evident that the insulation of the wire, 
and also of the gold leaves, will be preserved until the in- 
side as well as the outside of the glass tube becomes coated 
with moisture; but so effectually does the arrangement 
preclude this, that some of these electrometers have re- 
mained for years without being either warmed or wiped, 
and have still appeared to retain the same insulating power 
as at first. 

The electrometers already described have all been found 
highly useful to the practical electrician, according to the 
peculiar nature of the course of his experiments ; but for 
ascertaining the actual repulsive and attractive powers of 
very faintly electrified bodies, they are perhaps all excelled 
by the ingenious invention of M. Coulomb, 
a French philosopher. The construction 
of this delicate instrument, which is called 
the torsion balance^ will be best under- 
stood by a reference to a figure. The ap- 
paratus consists of a hollow glass cylinder, 
graduated so as to indicate degrees and 
parts of a degree. On this is placed a 
flat plate of glass, furnished with a tube in 
the centre, supporting a nut b. A silk 
string descends through the tube, to which 
is attached the index hand, a. The ball 
and wire c is insulated on the glass plate, and serves to com- 
municate electricity from external objects, and the amount 
is indicated by the twisting of the.string. 

The action of Harris's electrometer depends on balancing 
the attractive force of accumulated electricity, by the in- 
creased weight which a body immersed in a fluid gains on 
rising out of it. It consists of a stand R, E, L, F ; on 
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this is serened the perpendicular column R ; it supports 
a projecting plate of brass, S, and a large wheel, D; the 
axle of this wheel rests on four small friction wheels S, S, 
and its centre is that of the arc B I ; this arc is a quad- 
rant, divided into any number of equal parts on each side 
of its centre, marked Zero ; the large wheel D, carries an 
index, formed of a fine strong straw, to indicate the attrac- 
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. tive forces in th^ direction A, B, and the repulsive in the 
direction A, I ; over the wheel passes a line S, to which is 
suspended a light ball of gilt wood T. The float, sustained^ 
in great part, by the fluid in the vessel K, preserves an 
equilibrium when the index is at zero. The line passing 
over the pulley, if the attractive forces are to be estimated, 
is formed of two parts, the lower part bdng of silver thread, 
the remainder silk. When the repulsive forces are to be 
estimated, the whole is of silk. The float O M, is a small 
glass tube, about two-tenths of an inch diameter, termi^ 
nating in a small bulb at its lower end, which contains 
some very fine shot, or mercury, occasionally put into it for 
the purpose of adjusting th^ instrument. The fluid is dis- 
tilled water of a mean tempeirature. The difference of 
weight of this float, when in and out of the water, is known ; 
and every tenth of an inch of it, which rises out or sinks 
into the fluid, is made to correspond, by employing a wheel 
of the required circumference, with five divisions of the arc 
above : we can hence readily estimate the force of the at- 
traction in grains, and parts of a grain. Under the ball T, 
is placed a larger insulated ball V, in connexion with the 
prime conductor, or inner coating of the jar ; it can be de- 
pressed or elevated by means of the sliding tube P, through 
divisions of one-tenth of an inch, which correspond, also, to 
every five divisions on this arc ; and this enables us to ob- 
tain any multiple of the first force, and yet preserve the 
ultimate distance between the balls constant. Now it is 
evident, that the attractive or repulsive forces, operating in 
right lines betWeen the balls, will cause the float to ascend 
'«r descend, until the weight gained or lost by its rising or 
sinking in the fluid furnishes a balance to the forces. This 
column is of baked wood, and has a wire through it, which, 
when the attractive force is alone measured, is connected at 
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the ba»c with the outside of the jar, or battery, and hence 
the interval between the inner and outer coating is that 
between the balls T and V ; sp that, when charging, the 
attraction between the balls will increase with the accumu- 
lation ; hence the index moving over the arc I, B, is a true 

measure of it. 

The electrical air thermometer was originally contrived 
by Mr. Kinnersley, of Philadelphia, and described by that 
gentleman in a letter to Dr. Franklin, early in 1761. The 
annexed diagram will represent the ordinary mode of con- 
structing this instrument. A wire a is made to enter the 
glass tube b, by a metal cap, through which 
it passes, air-tight ; a amilar wire o passing 
up from the lower end. A glass tube c, forms 
the only communication with the atmoqihere; 
so that if a small pcMiion of any coloured 
fluid be placed in the large vessel, and the 
air above it be expanded, the coloured fluid 
must be driven up the tube. This is most 
readily effected by connecting the two coat- 
ings of a charged jar with the wires a and d. 

The experiments which Mr. Kinnersley made with this 
instrument are as follows : — He placed the thermometer <m 
a stand s, and connected the wire a with the prime <x>n- 
ductor of an electrical machine in action. He, by this 
means, kept the air electrified for a considerable time, 
without producing any peculiar effects ; from wh^iee be 
inferred, that the electrical fluid, when in a state of rest, 
had no more heat than the air in which it might reside. 
When the two wires were in contact also, and a powerful 
shock passed through the apparatus, little or no effect was 
produced: but when the wires were placed about two 
inches asunder, the charge of a small jar rarefied the air 
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very considerably. The charge 6f a jar containing aboul 
five galba* produced a prodigious rarefaction in the air, 
frequently raising the fluid to the top of the tube. 

Another air.thermometerniayhe no- 
ticed. Its construction was su^^ested 
by Lieut. Harris, and it condsts merel) 
of a glass hulb furnished with a capil- 
lary tube, containing a small portion ol 
any coloured fluid. The stetn, D, is in- 
serted in a mahc^any stand, which pre- 
sHves it in a perpendicular podtion j 
and a graduated index, passing from I) 
to C, indicates the height of the fluid. 
Two rings at A and D, form the com- 
munication between the intern^ an<j 
external coatingi; so that, on making « 
communication between them, a por- 
tion of air is displaced, and the amount 
is found to differ very materially in dif- 
ferent gaseous bodies. 

Condemeri are instruments used for 
the detection of very small portions cd 
electricity, too minute to be rendered 
sensible by the electrometer. 

Volta appears to have been the first 
electridan who constructed an apparatus of this description. 
His condenser of electricity consisted of a flat fuul smooth 
metal plate, furnished with an insulating handle, and a se> 
mi-4^nducUng, or imperfectly insulating plane. The prin- 
ciple OQ which the action of this apparatus depends, says 
Mr. Cavallo, " is, that the metal plate, whilst standing con- 
tiguooa to the semi-oHiducting plane, will both absorb and 
retain a much greater quantity of electricity tlian it can 
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either absorb or retain when separate ; its capacity being 
increased in the former, and diminished in the latter case.*^ 

This condenser was afterwards improved by Mr. Ca^ 
vallo, who employed a small metallic plate, about the size 
of a shilling, having affixed to it a glass handle covered 
with sealing-^wax. When the larger plate appeared so 
slightly electrified by the communicated electricity as not to 
affect the electrometer, he then placed the small plate on 
the plane, and touched it with the edge of the large one, 
holding the latter in an almost vertical position ; the small 
plate was thus found to indicate a very sensible degree of 
electricity. 

One of the most convenient and elegant condensers yet 
Qontrived is that of Mr. Cuthbertson. This instrument is 
shown in the engraving, and is composed of two metallic 
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plates, a and c, about six inches in diameter, tightly 
screwed to two brass balls, but so as that one of them be 
fixed immovably to a glass pillar, -as a, while the other is 
fastened to a brass pillar, having a hinge at its lower ex- 
tremity, by which it can be moved backwards from the po- 
sition o. When the instrument is used, the electricity to 
be examined is communicated to the insulated plate c, while 
it is parallel to the uninsulated plate a ; and after remain- 
ing for some>time in this position, the uninsulated plate is 
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drawn back, and the intensity of the insulated plate c is 
shown by being presented to an electrometer iii the uiual 
way- 

A modificatioii of this instrument, called the condensing 
electrometer, is represented in the accompanying figure. 
In this construction the platee are smaller, 
and the insulated plate is attached to the 
cap of a gold-1^ electrometer ; by this 
means very small degrees of electricity ue 
discovered, and their intenaty shown by 
the divergence of the gold leaves within 
the cylinder. 

A condetiser of a remarkably simple description was 
proposed by Mr. Singer, and is constructed by placing 
three small spots of sealing-wax, at equal distances, on the 
lower face of the cover of an electrophonis, to serve as in- 
sulating feet, by which the cover may be supported at the 
distance of about the twelfth of an Inch from the surface of 
a smooth and even table. If a Leyden jar, he adds, be 
now charged, and i^terwards discharged, so as not to affect 
an electrometer, and its knob be then placed in contact 
ffith the condenser resting <hi the table for a few seconds, 
the small residuum of electricity in the jar will be ab- 
sorbed by the condensing plate ; and when this is raised 
from the table, it will affect the electrometer with the same 
electricity as that with which the jar was charged. 

The electrophorus is sometimes employed as a substitute 
for the electrical machine. The ac< 
eompanying figure fumishesa view of 
diis useful piece of apparatus, which 
is eanly constructed by a reference c^-^,J^^^^^ 
to the following directions. Procure 
two dFcular plates of metal, or ofG 
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wood covered with tinfoil, and well rounded at the edges ; 
these are the conductors: between them. is placed a ream^ 
ous plate, formed by melting together equal parts of shell- 
lac, resin, and Venice turpentine, and pouring this mixture, 
whilst fluid, into a tin hoop of the required size, placed 
on a marble table, from which the plate may be readily se- 
parated when cold. This plate should be half an inch in 
thickness ; it is sometimes made by pouring the mixture on 
one of the conductors, which is then formed with a rim for 
that purpose. In the centre of the upper conductor is 
fixed a glass handle A, for the purpose of lifting it with- 
out drawing off its electricity ; and, when the electric state 
of the lower conductor is to be examined, the whole a{q»a- 
ratus must be placed on an insulating stand. To use the 
electrophorus, rub the upper surface of the resinous plate 
with a piece of dry fur ; caf s skin is reckoned the best, 
and it will be excited negatively. Place the upper con- 
ductor c upon it, and then raise the same by its insulating 
handle ; it will be found to exhibit very faint,4f any, elec- 
trical signs Replace the conductor, and, whilst it lies on 
the surface of the excited plate, touch it with a finger or 
any other uninsulated conductor, and then raise it again by 
its handle. It will now be positively electrified, and afford 
B spark at B : if it be then placed on the resinous plate, 
touched, and again raised, another spark will be procured ; 
and this process may be repeated for a considerable time 
without any perceptible diminution of effect.* 

* The facility with which inflanimable air is lighted by even a mo- 
derate electric spark, suggested to Voha the construction of an inflam- 
mable air-lamp (for a modification of which a patent was some time 
since procured as a source of insuntaneous light), it consists of a 
reservoir filled with hydrogen gas^ subject to the constant pressure of a 
column of water, and confined by a stop-cock, which, when opened, 
perxoUs it to escape in a slender stream from a small aperture. In a 
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In the year 1746, some very singular phenomena were 
exhibited by two or three ingenious professors in the Uni- 
versity of Leyden ; which depended on a newly discovered 
power of accumulating electricity. Their mode of exhibit- 
ing these effects consisted in enclosing some water in a 
glass vessel, and electrifying it ; if then the outside of the 
glass vessel was grasped with one hand, and the enclosed 
conductor, or any substance connected with it, touched 
with the other, a bright spark ensued, and a violent coiw 
vulsive motion was felt in the arms and across the breast. 

Professor Muschenbroeck, Messrs. Cuneus, Alemand, 
and Winkler, made the experiment with water in glass jars 

_ « 

or bottles ; and M. Von Kliest (who it is said first made 
the discovery) employed a phial, in which a blunt piece of 
wire was loosely placed. This experiment soon became 
popular ; the apparatus recdved th^ name of a Leyden jar, 
or Leyden phial; and the sensation it produced, the elec- 
tric shock. ''^ 

Dr. .Franklin, in accounting for these phenomena, sug- 
gested that a charged phial or jar contained no more elec- 
tricity than before ; that as much was taken from one side, 
as the other had above its natural portion ; and that, to dis- 
charge it, nothing more was necessary than to make a com- 

box beneath the vessel of gas an electrophorus is place<l, and a wire 
passes through a glass tube from the upper part of this box to the open- 
ing of the stop-cock. The cover of the electrophorus itf connected by 
a silk string with the handle of the stop-cock ; so that the same motion 
that opens the cock, raises the cover of the electrophorus, and the spark 
that passes from it is conveyed by the insulated wire to the st^eam^ of 
gas, which it inflames. 

*The first experimenters gave ludicrous aud exaggerated accounts of 
its effects, and to this circumstance, may perhaps be partly attributed 
the public curiosity it so promptly and highly excited. In the same 
year it was shown by itinerant exhibitors in almost every part of Eu- 
rope ; and the experiment was repeated and varied by the electricians 
of every country. 
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munication between the two sides ; the electricity being by 
this means enabled to regain its equilibrium^ that equili- 
brium was instantly restored, and no signs of electricity re- 
mained. He also demonstrated by experiments, that the 
electricity did not reside in the coating, as had been sup- 
posed, but iti or upon the glass itself. After a phial was 
charged, he remoyed the coating, and found, that upon 
applying a new coating, the shock might be received. 
When, to any body or surface, was attributed the pro- 
perty, according to this theory, of having more than its 
usual portion of electricity, the Doctor proposed to dis- 
tinguish its state by the term plus, or positive ; when the 
body or surface had less than its usual share of electricity, 
its state was distinguished by the term minuSf or negative. 
These terms answered the same end, and expi^ssed the 
same things, as those of vitreous and resinous, proposed by 
Du Fay, but they were supposed to be so much more ap- 
propriate, that their admission into the language of the 
science soon became general both in England and America. 

Having thus briefly explained the usually received theory 
of the Leyden experiment, it may now be advisable to ex- 
amine the form of the apparatus best calculated to exhibit 
the effects of accumulated electricity. A plate of common 
window-glass, coated on both sides with tin-foil, 
is occasionally used for this purpose ; though it! 
will be evident that the metallic coating must 
not reach the extremity of the glass, as a con-' 
ducting communication would then be formed 
between the two surfaces. 

If we wish to increase the, electrified surface, a glass 
cylinder or jar is employed, and a wire, projecting from 
the centre, is furnished with a ball which connects the 




LEYDEN JAES. 

interior of the jar with the prime conductor of 
the machine. But the most convenient form of 
the jar is sh&wn in the accompanying diagram. 
It is coated on the inside, and also on the out- 
nde, with tin-foil to within two inchesand a half 
of the top. With the inade coating a wire is 
connected, which rises through a lid of haked 
wood neatly fitted into the mouth of the jar, 




aud terminating in a smooth brass ball. The uncoated 
part of the jar must be kept perfectly clean and dry, other- 
wise the action will he very incomplete. The coating is 
best fastened on with very strong gum water, but some 
el^tricians use common paste ; and in some instances the 
tin-foil is first pasted upon paper, and afterwards on the 
glass : this is concdderetl an improvement, both as it respects 
the facility of drying the gum or paste, and also the 
strengthening of the jar. 

When it is. wished to discharge the jar without allowing 
the charge to pass through the body, an instrument is 
used, called the - discharging rod, which is composed of a 
bent wire A, or two branches, connected by a joint, and 
furnished with a glass handle E. The extremities of the 
rod or branches are pointed, but have screws, by means of 
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which they are fitted with balls. In diachargiiig a jar 
with this instrument, it is held by the glass handle^ and, 
while one end is applied to the outer coating of the jar, 
the other is made to approach the ball of its wire, and 
thus the electricity passes through £he metallic part of the 
discharger from the one coating to the other of the jar. 
If the extremities be without their balls, the discharge is 
effected without noise; but otherwise there takes place an 
explosion, more or less loud according as the jar is more or 
less charged. 

Baiteries of great size have been constructed by different 
electricians, so as to accumulate an enormous quantity of 
electricity, capable of melting the hardest metals, and of 
putting an instantaneous termination to animal life. Dr. 
Priestley constructed a battery consisting of sixty-four jars, 
and containing thirty-two square feet of coated surface. 
Mr. Cuthbertson completed, in 1784, for the Teylerian 
Museum at Haarlem, a battery of one hundred and thirty- 
five jars and one hundred and thirty-two feet of coated sur- 
face ; and in 1789 he completed another battery for the 
same institution, consisting of one hundred jars, and con- 
taining five hundred and fifty feet of coated surface. 

We have already noticed that the uncoated interval of 
the Leyden jar should be clean and dry ; but this must be 
tuiderstood with some limitation, as, if it be perfectly clean, 
and so dry as to approach to warmness, an explosion vnll 
take place between the coatings over the glass, and thus 
occasion a loss of the charge, with a great waste of time. 
These effects may be prevented by breathing on the glass 
through a piece of barometer tube, but much more ef- 
fectually by pasting a slip of writing paper, an inch broad, 
on the inner surface of the jar, close to the upper edge of 
the coating. By this means the intensity of the charge is 
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diminished at the very spot where its tendency to explode 
is the greatest. 

If we suspend a globular jar by its knob from tb6 po- 
sitive conductor of the electrical machine, die outer coat* 
ing being insulated » no charge can be communicated to it, 
as the glass has only an attraction for a certain quantity of 
electricity, and the coatings can only be considered as con- 
ductors for its two surfaces ; but if a communication be 
made with the ground by means of any conducting body, 
sparks will then be given off from the outer coating in rapid 
succession. Professor Brande has suggested a mode of 
applying this, arrangement to the ccmstruction of a power- 
ful battery ; instead, however, of supporting them by the 
prime conductor, they are attached to glass insulating 
stands. This ingenious contrivance mdy be readily under- 
stood by reference to the annexed diagram, in which the 
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jar b is connected by its ball T, with the prime conductor 
P A, while the outer coating o, communicates with the in- 
ternal surface of the jar c ; this is again connected in a simi<* 
lar way with the third jar ii,-^the latter jar having its outer 
coating o connected with the ground. On connecting this 
series in the ordinary way, after it is charged, it will be evi* 
dent that a very powerful effect must be produced. 

Upon this principle, several jars may be charged at once 
by attaching them to the prime conductor, so that the 
outer coating of one of the suspended jars invariably com- 
municates with that which precedes it. Thus the ball of 
the first jar is attached to the prime conductor by a hook ; 
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and a similar contrivance may then be employed to connect 
the internal coating of the second with the external side of 
the jar above it ; and as the electric fluid is driven off from 
the first jar, it is received by the second, and so on through 
the entire series. 

An electrometer has been constructed by Mr. Cuthbert- 
son, which, for discharging accumulated electricity, is su- 
perior to any that has yet been described. Those only 
who have to go through the operation of melting wires be- 
fore a public audience, can duly appreciate the value of 
this incomparable instrument. 




The accompanying figure will best illustrate the form of 
the apparatus. The base consists of an oblong square 
piece of mahogany of about eighteen inches long, and six 
in breadth : in this are three glass supports, mounted with 
brass balls. The ball I, has a brass tube, fixed to it, about 
three inches long, cemented to the top of the glass stand, 
and a hole at the top, of about half an inch in diameter, 
corresponding with the inside of the tube. A F, is a 
straight brass wire, with a knife-edged centre in the mid- 
dle, placed a little below the centre of gravity, aiid equally 
balanced with a hollow brass ball at each, end ; the centre, 
or axis, resting upon the inside of the central ball, a light 
balance weight being fitted to the wire. 
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It ia obvious, from the construction of the apparatus, 
that if the foot stand horizontally, and the ball F be made 
to touch I, it will remain in that position without the help 
of the weight ; and if it should receive a low charge, the 
two balls will repel each other ; F will begin to ascend, 
and, on account of the centre of gravity being above the 
centre of motion, the ascension will continue till A rest up- 
on B. If the balance be again set horizontally, and the 
sliding weight be brought towards F, it will bring F back 
to I, with a pressure equal to that weight, so that more 
electricity must be communicated than formerly, before 
the balls will separate; and, as the weight at F is in- 
creased or diminished, a greater or less quantity of elec- 
tricity will be required to eflTect a separation. 

When this instrument is to be used with a jar, or bat- 
tery, ohe end of a wire or chain must be inserted into the 
ball L, and the other end into a hole of any ball proceed- 
ing from the inside of a battery or jar, and when the elec- 
trical repulsion becomes sufficiently energetic to overcome 
the weight, a communication will be formed with the ball 
at B, and the inflammable body c inflamed. The commu- 
nication between the ball F and the prime conductor being 
kept up after the ball F, leaves I, by means of a small loose 
wire within. 

A variety of attempts have been made to mark the pre- 
cise direction of the electrical current which results from 
destroying the equilibrium of any two bodies. If we take 
a Ley den jar that has been rendered slightly damp by 
being breathed upoh, and place it with its knob in contact 
with the positive conductor of an electrical machine in a 
darkened room, when the jar is charged, and the action of 
the machine continued, the electricity will appear to pass 
from the internal to the external coating over the uncoated 
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interval in luminous streams, like water overflowing from 
the top of a vessel kept constantly supplied. If the jar be 
removed, and its knob placed against the negative con- 
ductor, the stream will obviously change its direction. A 
degree of dampness on the uncoated part of the glass is 
necessary in this experiment, to prevent the discharge of 
the jar by a spontaneous explosion, in which case the fluid 
passes too rapidly from one surface to the other to allow 
the observer to ascertain its direction. If the mcnsture be 
not sufficient, diverging brushes of light will €x;casionally 
pass from the positive surface, instead of the continuous 
streams abovementioned. 

If a light wheel, the vanes of which are made of flne 
card-paper, be made to turn freely on its axis, a stream of 
electricity from a pointed wire fixed in the conductor will 
give it motion ; and it will move from the electrified point* 
whether its electricity be positive or negative. In this ex- 
periment, the current seems to be produced by the recession 
of the similarly electrified air in contact with the point ; 
and, therefore, the circumstance of th^ wheel turning in 
the same direction when the electricity is negative, cannot 
be considered as a proof of the existence of a double cur- 
rent of the electric fluid. 

But the most satisfactory exhibition of the course of the 
electric fluid, or air, from the positive to the negative con- 
ductor, is aflbrded by an experiment contrived by Mr* 
Singer, and which he considered as removing all difficulties 
on the subject. '* It has," observes he, '* been long known 
that a light float-wheel, made by inserting several vanes of 
card in the periphery of a cork that is made to turn fredy 
on a pin or centre, will be put in motion by presenting it 
to an electrified point ; and the motion of the wheel being 
always from the point, whether that poiqt was positive or 
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negative, has been occasionally urged as an argument for 
a double current of the fluid ; although it is evident, from 
what has been already stated, that a point either positiye 
or negative must priuce a current, Vy the reJZ of 
the air opposed to it, when similarly electrified by its con- 
tact, which is fully adequate to the production of these 
effects. Conjecturing that the currents of electrified air 
.would not take place in this manner if the points were op* 
posed to each other, the following arrangement was made." 




A light float- wheel is shown above, which being mount- 
ed so as to turn freely between two upright wires, was 
placed on an insulated stem, and introduced between the 
pointed ^ires of Heuley^s discharger, which was placed 
accurately opposite to each other, and at the distance of 
rather more than an inch from the upper vanes of their re- 
spective sides. On connecting one of the wires with the 
positive conductor of the machine, and the other with the 
negative conductor, and turning the machine, the wheel 
will move in a direction from the positive to the negative 
wire. On reversing the connexions, so that the wire which 
was negative may become positive, and that which was po. 
sitive be made negative, the motion of the wheel will be 
reversed; for it will still move from the positive to the 

negative wire. 

/ 

The attraction and repulsion of air that has been electri- 
fied by contact with the prime conductor of the electrical 
machine may readily be exhibited by the following simple 
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apparatus. Suspend from the conductor, by a brass chain, 
a circular plate of copper, reaching to within an inch and 
a half or two inches of the table. Directly under this plate 
place another of the same form, and a little 
larger, on the table. Turn the machine, and 
the fluid will pass from the upper to the 
lower plate. If small figures cut out of paste- 
board, or pith of elder, be introduced be- 
tween the plates, they will dance about with 
apparent vivacity, and sometimes appear to 
course round the edge of the lower plate. 
This experiment is illustrated in the accompanying dia- 
gram. 

The electrical bells furnish a pleasing illustration of the 
attraction and repulsion of the electric matter. They are 
usually three in number. The two outer bells are sus- 
pended by brass chains ; the middle bell and the two clap- 
pers by fine silk threads. When the bells are attached to 
the conductor, and the machine is turned very gently, the 
fluid will pass along the chains to the two outer bells, but 
will not pass along the silk to the clappers and middle bell. 
Thus the outer bells, being charged with an extra quantity 
of fluid, will attract the clappers; but the moment they 
touch the bells they become charged, and are repelled with 
such force as to cause them to strike against the middle 
bell, on which they deposit their electricity, and are agaiii 
attracted. By this means a constant ringing is kept up 
while the machine is turned. From the inside of the mid- 
dle bell, a brass chain passes to the table, for the purpose 
of convejdng away the fluid deposited on it by the clap- 
pers. 

When a powerful electric charge is passed through a 
slender iron wire, the wire is ignited or dispersed in red- 
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hot balls. Very large batteries were formerly considered es- 
sential to the production of this effect ; but if the wire be 
sufficiently thin, a single jar, exposing a coated surface of 
about one hundred and ninety square inches, will sufficiently 
exemplify it. The finest flat steel wire is best calculated 
for the purpose. Cuthbertson's balance electrometer should 
always be employed to regulate the charge: the circuit 
from the inner to the outer surface of the jar should be as 
short as possible ; and the wire intended to be melted, 
placed in a. right line, and confined at the ends between 
small wire forceps. 

Dr. Franklin performed some pleasing experiments on 
the fusing of metals, which may be thus imitated : — Take 
three pieces of window-glass, each one inch wide, and three 
inches long, and place them contiguous to each other, with 
two narrow strips of gold-leaf between them, so that the 
middle glass may have, on each side of it, a strip of gold, 
with its ends projecting a little beyond the glass. Let the 
whole be properly secured within the press of the univer- 
sal discharger ; pass the charge of a large jar through the 
strips of gold, they will be melted and driveii into the glass. 
The outer pieces of glass are generally broken, but the 
middle piece is often left entire, and is marked with an in- 
delible metallic stain on each of its surfaces. 

The cJolours produced when metals are thus fused, either 
on glass or paper/ are sometimes exceedingly beautiful, and 
have been in some cases employed in impressing letters^ and 
ornaments of various kinds, on silk and paper. The pro- 
cess observed in such cases, Mr. Singer thus describes in 
his Elements :— " The outline of the required figure is first 
traced on thick drawing-paper, and afterwards cut out in 
the manner of stencil plates. The drawing-paper is then 
placed on the silk or paper intended to be marked ; a leaf 
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of gold is bod iipon it, and a card over that; the whole is 
then placed in a press, or under a weight, and a diaige 
ftom a battery sent throu^ the gdd leaf. The stain is 
confined, by the interposition of the drawing paper, to the 
limit of the design ; and in this way, a profile, a flower, or 
any other outline figure, nuiy be very neatly impressed.^ 

A single spark may be made to perforate a stnxig glass 
tube by the following simjde process: fill a small phial 
with olive oil, and insert into it a pointed wire bent at ri^t 
angles, so that by sliding through a cotk fixed in the neck 
of the phial, the point of the wire may rest against any 
part of the innde beneath the oil : attach the phial by its 
wire to the conductor of the machine, and bring the knuckle 
or a brass ball near the outside of the phial, opposite to the 
pmnt of the wire within it ; a spark will pass from the 
point to the knuckle, and make a small hole in the glass. 

Almost all inflammable substances may be kindled by 
means of electridty. The common method of kindling re- 
sin by the electric spark, is to pulverise it, and sprinkle tbe 
powder on some dry cotton wool. Thus, if a small quan- 
tity of flax, or of cotton wool, be loosely tied on one of the 
knobs of thcv discharging rod, and a little finely-powdered 
resin sprinkled on it, and a jar be discharged by bringing 
the end of the rod thus prepared in contact with the knob 
of the jar, the charge will pass through the flax, or wool, 
and in so dding will melt and ignite the resin, and set the 
whole- on fire. 

The decomposition of water by electricity was first ef. 
fected by Van Troostwyk and Deiman, assisted by Mr. 
Cuthbertson; this they effected by means of a complicated 
apparatus, and a very tedious process. Their method o( 
procedure was improved on by Dr. Pearson, and after him 
by Mr. Cuthbertson : but the most simple form of an ap- 
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pamtus for this purpose is that of Dr. WoUaston. This 
apparatus is thus constructed : — Two finely pointed wires 
of gold or platina are inserted into capillary tubes ; each 
wire is thrust into the tube till it nearly reaches the end of- 
it, and the glass is softened by heat until it adheres to 
the wire and covers its point. The glass is then carefully 
ground away, till the point of the wire can be seen by the 
help of a magnifying glasls. One of these wires is made to 
communicate with the ground, or with the negative con- 
ductor of the machine, and the other with an insulated ball 
placed near the positive conductor; the two points are 
placed near each other in a vessel of water : when a cur^ 
rent of sparks is discharged through the wires^ a series c^ 
minute bubbles of gas will rise from the points of the gold 
wires, and, when collected in an inverted receiver, will ex- 
plode on the application of a - lighted taper. Dr. WoUas- 
ton found by experiment, that a point l-700th of an inch 
in diameter, decomposed the water, when the spark which 
passed from the conductor to the insulated ball was l-8th 
of an inch in length ; and that a point l-1500th of an inch 
in diameter produced the i^me effect, when the sparks were 
only 1-SOth of an inch in length. Hence the rapidity of 
the decomposition was in proportion to the limited size of 
the point of the mre. 

To show the passage of the electric light, we may em- 
ploy an instrument composed of a glass tube closed with 
two brass caps. This tube has a spiral row of small round 
pieces of tin-foil attached to its outer surface, and lying at 
about l-18th of an inch from each other. If this instru- 
ment be held by one oif its extremities, and its other ex- 
tremity be presented to the prime conductor, every spark 
that it receives from the prime conductor will cause small 
sparks to appear between all the round pi^oes of tin-fbil, 

n2 
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and this in the dark. affords a pleasing spectade, the instru- 
ment appearing encompassed by a spiral line of fire. The 
small round pieces of tin-foil are at other times attached to 
a flat piece of glass, so as to represent curve lines, flowers, 
letters, &c. and they may be illuminated in the same man- 
ner as the spiral tube. 

The colour of the electric spark seems to depend on the 
density of the medium through which it is made to pass. 
This is proved by the following experiments : — Fix with 
cement a short iron or platina wire at one end of a 
glass tube thirty inches long, so that the wire may pro- 
ject a little way within the tube, and fix a small brass 
ball on the outer extremity of the wire. Fill the tube 
with mercury, and at the open end place a drop of ether, 
which may be secured by the point of the finger while the 
tube is inverted in a vessel of mercury, so as to form a 
Torricellian vacuum in the upper part. The ether will 
rise to the top ; and upon the removal of the finger, and 
the fall of the mercury, will expand into vapour. If now 
electricity be transmitted through this vapour, it will be. 
rendered luminous, and assume various hues according to 
its strength. When the spark is strong, and has to pass 
through some inches ot the expanded vapour, the light is 
usually of a beautiful green colour. Take an air-pump re- 
ceiver twelve or fourteen inches high, and six or seven 
inches in diameter ; adapt a wire, pointed at its lower ex- 
tremity, to the top of the receiver, letting the point pro- 
ject about two inches into its inside ; place the receiver ou 
the plate of the air-pump, and electrify the wire at its top 
positively ; whilst the air remains in the receiver, a brush 
of light of very limited size only will be seen, but in pro- 
portion as the air is withdrawn by the action of the pump 
it will enlarge, varying its appearance, and becoming more 
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diffused as the air becomes more rarefied ; until at length 
the whole of the receiver is filled by beautiful coruscations 
of light, changing their colour with the intensity of the 
transmitted electricity. Another pleasing experiment may 
be noticed : — Into a piece of soft deal about three inches 
long . and an inch and a half square, insert two point- 
ed wires obliquely at nearly an inch and a half distance 
from each other, and to the depth of an eighth of an 
inch ; the wires should incline in opposite directions, atid 
the track between the points be in that of the fibres; 
a spark, in passing from one point to another through 
the wood, will assume different colours, in proportion as it 
passes more or less below the surface; and by inserting 
one point lower than the other, so that the spark may pass 
obliquely through different depths, all the prismatic co« 
.lours may be made to. appear at once. Sparks taken 
through balls of wood or ivory appear of a crimson colour ; 
those from the surface of silvered leather are of a bright 
green ; a long spark taken over powdered charcoal is yel- 
low ; and the sparks from imperfect conductors have a pur- 
ple hue. The quantity of air through which these sparks 
are seen also influences their appiearance; for the green 
spark in the vapour of ether appears white when the eye 
is |daced dose to the tube, and reddish when it is viewed 
from a considerable distance. 
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ATMOSPHERIC ELECTRICITY. 

Identity between Lightning and Artificial Electricity. — 
Experiments by Franklin^ Motinier^ and Maieas. — 
Electric Kite.— Results by Cavallo. — Phenomena of a 
Thunder-storm. — Atmospheric Electrometer. — Best 
Mode of Protecting Buildings.^-^Thutider and Powder 
Houses. — Electric Light in Rarefied Jir. — Aurora 
Borealis. — Shooting Star. 

We have now to notice the analogy that subsists be- 
tween atmospheric electricity, or lightning, and that pro- 
duced by artificial means. The following may be con- 
sidered as an outline of Dr. Franklin's observations on 
this important branch of the science. He commences by 
observing that *' The zig-zag appearance of the natural 
lightning is exactly the same as that of a strong electric 
spark when it passes through a considerable interval of 
air. Lightning generaUy strikes such bodies as are high 
and exposed, as the summits of hills, the tops of lofty trees, 
high towers, and spires ; while the electric fluid is always 
received by the most prominent parts, when striking from 
one body to another. Lightning is observed to strike 
most frequently into those substances that are good con- 
ductors of electricity, such as metals, water, and moist sub- 
stances ; and to avoid those that are non-conductors. 
Lightning inflames combustible bodies. The sapie is ef- 
fected by electricity. Metals are melted by a powerful 
charge of electricity : this phenomenon is one of the most 
common eflects of a stroke of lightning. Lightning de- 
stroys animal life. The magnetic needle is efiected in the 
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same manner by lightning and by electricity, and iron may 
be rendered magnetic by both causes. The phenomena 
are^ therefore, strictly analogous, and differ only in degree ; 
and if an electrified gunrbarrel will give a sfiark, and pro>- 
duce a loud report at two inches distance, what effect may 
not be expected from perhaps 10>000 acres of electrified 
doud ?"" 

Reasoning from these facts, Franklin formed the design 
of erecting a conducting-rod by which the lightning might 
be drawn from the clouds, and thus afford an opportunity 
of ascertaining its identity with the electric fluid. *^ The 
electric fluid, '^ said he, '< is attracted by points ; we do not 
know whether this property be in lightning ; but ance 
they agree in all the particulars in which we can already 
compare them, it is tiot improbable that in. this they like- 
wise agree. Let the experiment be made.^' While the 
American philosopher was waiting for the erection of a 
spire in Philadelphia, his opinions became known^ and he 
was anticipated by D^Alibard and De Loe, who erected a 
rod such as Franklin had suggested, in France, and suo^ 
ceeded in the experiment . 

The earliest useful obserrations that were made on the 
electrical state of the atmosphere in Europe, appear to 
have been those of Monnier; his experiments were per- 
formed with an apparatus, which consisted of a pole thirty- 
two feet in height insulated in a. piece of turf, having at 
its top a strong glass tube, to which a tube of tinned iron 
was attached, and which terminated in a point. Abbut 
the middle of this tube there was fastened a fine iron 
wire about fifty lines long, which, without touching any 
other body, was connected with a silk cord stretched ho- 
rizontally. He found that, although the atmosphere was 
constantly electrified more or less, yet that in dry weather 
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the electricity increased from sunrise, when it was weakest^ 
till about four o clock in the afternoon, at which time it 
was strongest, gradually diminishing from that time till, the 
dew began to fall, after which it diminished till midnight. 

The Abb6 Mazeas made several observations with an at- 
mospherical apparatus, consisting of an iron wire three 
hundred and seventy feet long, raised about ninety feet 
from the ground, and properly insulated. The results of 
his experiments with this instrument were the following: — 
In very dry weather the wire readily attracted light bodies, 
if brought within three or four lines of it; and, if the wea- 
ther was not stormy,* the electricity of the air was about 
half as great as that of a stick of sealing-wax two inches 
long. When he grasped the wire in his hand, the signs of 
electricity disappeared entirely, and did not return till after 
an interval of three or four minutes. He also found that 
the electricity of the atmosphere was not increased with 
storms and hurricanes unattended with rain ; for during a 
violent storm of wind, which continued uninterruptedly for 
three days, in the month of July, he found it necessary to 
place the dust within four or five lines of the conductor, 
before it exhibited a sensible attraction. No» change was 
produced by the different directions of the winds. In the 
driest nights of summer he never could observe any elec- 
tricity in the air, but it began to appear in the morning at 
sunrise, and vanished in the. evening at about half an hour 
after sunset. In the month of July, on a very dry day, 
when the sky was serene, and the heat intense, he found 
the electricity stronger than he had ever observed it. The 
dust was then attracted at the distance of ten or twelve 
lines from the conductor.* 

* Experiments connected with atmospheric electricity, were now 
performed by the philosophers in nearly eveiy part of Europe, and the 
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Having thus briefly noticed the effects of metallic rods for 
conveying the electricity of the atmosphere to the earth's 
surface, it may now be advisable to advert to another 
agent, which, although somewhat more compUcated than 
the conducting wire, was yet found, in the hands of Dr. 
Eranklin, a most efficient piece of apparatus. It consists in 
the elevation of a long conducting string by means of a 
windsail or kite. 

An electrical kite should be constructed in the most sim- 
ple manner, as it is an apparatus very liable to be injured 
or lost. In dimensions it should not exceed four feet in 
height, by two feet wide. This will be found the most 
manageable size, and it is necessary to varnish it with dry* 
ing oil to defend it from the rain. The string must be* 
furnished with a thin copper or silver thread interwoven 
through its whole length ; that which is employed in the 
fabrication of gilt lace appears best adapted to the purpose. 

When the kite is raised, the string is insulated by at- 
taching to it a silk cord, whose opposite extremity may be 

following unfortunate catastrophe will show that they were not alwayi 
unattended with danger. On the 6th of August^ 17^3, Professor Rich- 
man, of Petersburgh, was making experiments on lightning di:awn 
down a metal rod into his own room. He had provided himself with 
an instrument for measuring the quantity of electricity communicated 
to his apparatus, and as he stood with his head inclined to it, Solokou^ 
an engraver, who was near him, observed a globe of blue fire, as large 
as his hand, pass from the instrument towards his head. The Pro- 
fessor was struck lifeless, and his assistant was also much hurt. The 
latter could give no very minute iccount of the way in which he was 
affected; for at the time the Professor was struck, he stated there arose 
a sort of vapour which entirely benumbed him, and made him sink 
down to the ground^ so that he could not even remember to have heard 
the clap of thunder which followed. The globe of fire was attended 
with an explosion like that of a pistol ; the instrument for measuring 
the electricity was broken to pieces, and the fragments thrown about 
the room. 
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fastened to a ndU or any other fixed place. The end of 
the metallic string may then be connected with a prime 
conductor similar to that employed in the common electri* 
cal machine ; and with this the experiments may be per. 
formed. 

To ensure the safety of the operator, which is a very im- 
portant consideration in this otherwise dangerous experi- 
ment, it will only be necessary to connect a brass rod with 
the earth, and bring the other end within about two inches 
of the prime conductor, so that in the event of the kite 
coming in contact with a large electrical cloud, a ready paA* 
sage will tbus be found for the electric fluid to the earth. 
In raising or lowering the kite, shocks are frequently taken : 
this, however, may be eiFectually prevented, by suffering a 
part of the string between 4he operator and the kite, to 
bear constantly against the brass ball that is connected 
with the ground ; and this precaution is more particularly 
essential when thunder-clouds are over-head. 

Mr. Cavallo, from a variety of experiments made with 
electrical kites, furnishes the following results, which will 
be found correct in the generality of cases. " The air ap- 
pears to be electrified at all times : its electricity is con- 
stantly positive, and much stronger in frosty^ than in warm 
weather ; but it is by no means less in the night than in the 
daytime. Wh^ it rains, the electricity of the kite is 
generally negative, and very seldom positive. The aurora 
borealis seems not to affect the electricity of the kite. The 
electric spark taken from the string of the kite, or from any 
insulated conductor connected with it, especially when it 
does not rain, is very seldom longer than a quajrter of an 
inch ; but it is exceedingly pungent. When the index of 
the electrometer is not higher than 20^, the person who takes 
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the spark will feel the effect of it in his legs ; as it appears 
more like the discharge of an electric jar, than the spark 
taken from the prime conductor of an electrical machine 
The electricity of the kite is generally stronger or weaker, 
according as the string is longer or shorter ; but it does not 
keep any exact proportion to it. The electricity, for in- 
stance, brought down by a string of one hundred yards, 
may raise the index of the electrometer to -twenty; whra, 
with double that length, the index of the electrometer will 
not go higher than twenty-five." 

The phenomena incident to a thunder-storm are al- 
ways beheld with the most intense interest by the stu- 
dent in this science ; and ^dthough many very poetical 
descriptions of its effects are on record, the facts furnished 
by the Italian philosopher Beccaria are as illustrative as 
any. 

^^ Thunder-storms,^' says Beccaria, ^^ generally happen 
when there is little or no wind ; and their first appearance 
is marked by one dense cloud, or more, increasing very fast 
in size, and rising into the higher regions of the air ; the 
lower surface black, and nearly level, but the upper finely 
arched, and well defined. Many of these clouds seem fre- 
quently piled one upon another, all arched in the same 
mmner ; but they keep continually uniting, swelling, and 
extending their arches. 

^* At the time of the rising of this cloud, the atmosphere 
is generally full of a great number of separate clouds, mo- 
tionless, and of odd and whimsical shapes. All these, upon 
the appearance of the thunder-cloud, begin to move to- 
wards it, and become mcNre uniform in their shapes as th^y 
apiHToach ; till, coming very near the thunder-doud, they 
mutudly stretch towards one another, immediately coa- 
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lesce, and together make one uniform mass. But some- 
times the thunder-cloud will swell, and increase very fast, 
without the conjunction of these adventitious clouds, the va- 
pours of the atmosphere forming themselves into clouds 
wherever it passes. Some of the adventitious clouds appear 
like white fringes at the skirts of the thunder-cloud, but 
these are continually growing darker and darker as they 
approach or unite with it. 

" When the thunder-cloud is grown to a great size, its 
lower surface is often ragged, particular parts being de- 
tached towards the earth, but still connected with the rest 
Sometimes the lower surface swells into various large pro- 
tuberances, bending uniformly towards the earth. When 
the eye is under the thunder-cloud, after it is grown larger, 
and well formed, it is seen to sink lower, and to darken 
prodigiously ; at the same time that a number of adventi- 
tious clouds (the origin of which can never be perceived) 
are seen in rapid motion, driving about in every direction 
under it. While these clouds are agitated with the most 
rapid motions, the rain generally falls in the greatest plen- 
ty ; and, if the agitation is exceedingly great, it commonly 
haUs." 

While the thunder-cloud is swelling, and extending its 
branches over a large tract of country, the lightning is seen 
to dart from one part of it to another, and often to illumi- 
nate its whole mass. When the cloud has acquired a suffi- 
cient extent, the lightning strikes between the cloild and 
the earth, in two opposite places, the path of the lightning 
lying through the whole body of the cloud and its branches. 
. The electrical explosion generally takes place in the air, 
and at a considerable height; but in many instances it 
happens between the clouds and the earth. In most in- 
stances, perhaps, the lightning descends from the clouds to 
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the earth, and the explosion is then called the descending 
stroke; but in some cases it is known to pass from the 
earth .to the clouds, and is then termed the ascending 
stroke : of the latter kind appears to have been the explo- 
sion which took place on the Malvern Hills, in the summer 
of 1826, and which was attended with such melancholy 
consequences. A very curious instance of the ascending 
stroke is related by G. F. Richter, in bis work on thunder* 
He informs us, that in the cellar belonging to the Benedic- 
tine monks of Fontigno, while the servants were employed 
in pouring into a cask some wine wliich had been just 
boiled, a fine light flame appeared round the funnel, and 
they had scarcely finished their operation, when a noise like 
thunder was heard : the cellar was instantly filled with fire ; 
the cask was burst open, although hooped with iron; the 
staves were thrown with prodigious violence against the 
wall ; and, on examination, a hole of three inches diameter 
was found in the bottom of the cask^ 

A portable electrometer is essential for observing the 
electrical state of the atmosphere, for meteorological pur- 
poses. Electrometers constructed of pith of elder were, 
employed by Mr. Cavallo in many of his experiments. 
The case, or handle, of one of these instruments must be 
formed of- a glass tube, about three inches in length, and. 
three-tenths of an inch in diameter, one half of which is 
coated with wax on the outside. From one extremity of 
this tube a small loop of silk proceeds, which occasionally 
serves to support the electrometer. To the other extremity 
of the tube a cork is adapted, which, being cut tapering on 
both ends, can fit the mouth of the tube with either end. 
From one extremity of this cork two linen threads proceed, 
a little shorter than the length of the tube, each of 
which support a little cone of pith. When this electrome- 
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t^r is to be used, that end of the cork which is opposite to 
the threads is pushed into the mouth of the tube ; the tube 
then forms the insulated handle of the instrument. But 
when the electrometer is to b^ carried in the pocket, the 
threads are put into the tube, and the cork stops it. 

Mr. Cavallo also constructed another portable electro^ 
meter for atmospherical purposes, which deserves particu- 
cular notice. Its principal part consists of a 
f^iasB tube B I O 6, as represented in the ac- 
companying figure, cemented at the bottom 
into the brass piece H E, by which part the 
instrument is to be held when used for the 
atmosphere. The upper part of the tube is 
tapered, and entirely covered with sealing- 
wax ; to this tapering part a small tube is 
cemented ; the lower extremity, being also 
covered with sealing-wax, projects a short 
way within the large tube. 

Into this smaller tube a wire is cemented, which with its 
under extremity touches the flat piece of ivory D, fastened 
to the tube by means of a cork>; the upper extremity of 
the wire projects about a quarter of an inch above the 
tube, and screws into the brass cap A C, which cap is open 
at the bottom, and serves to defend the waxed part of the 
instrument from moisture. 

The conical corks, or balls, B, which show the electricity 
by their repulsion, are made very small, and suspended by 
very fine silver wires, shaped like rings at the top, by which 
they hang very loosely on the flat piece of ivory, which 
has two holes in it. By this method of suspension, which 
is applicable to every sort of electrometer, the friction is 
reduced to almost nothing, and the instrument is thus ren- 
der^ sensible to a very small d^ree of electricity. O E 




saussube's improvement. 191 

and 6 H are two narrow slips of tin-foil, fixed on the in- 
side of the glass, and communicating with the brass bot- 
tom H £. They serve to convey that electricity which, 
when the balls touch the glass, is communicated to it, and, 
being accumulated^ might disturb the free motion of the 
balls. 

To try the electricity of the atmosphere by this electro- 
meter, the electrician must unscrew it from its case, and 
hold it by the bottom H £ ; thus presenting it to the air a 
little above his head, so that he may conveniently see the 
bells, which will immediately diverge if there is any eleo- 
tridty ; whether this be positive or negative, may be aa> 
oertained by bringing an excited piece of seating-wax, or 
other electric, towards the cap. 

M, Saussure has made an improvement in this electro- 
met^. The principal circumstances in which his electro- 
meter differs from Mr. Cavallo's are : The fine wires, by 
which the balla are suspended, should not be so long as to 
reach the tin-foil which is pasted on the inside of the glass ; 
because the electricity, when strong, will cause them to 
touch this tin-foil twice consecutively, and thus, deprive 
them in a moment of their electricity. To prevent this de- 
fect, and yet give them a. sufficient degree of motion, it is 
necessary to use larger glasses than those that are generally 
applied to Mr. Cavallo's electrometer ; two or three inches 
diameter will answer the purpose vary well. But, as it is 
necessary to carry off the electricity which may be commu- 
nicated to the inside of the glass, and which may be con- 
founded with that which belongs to those substances that 
are under examination, four pieces of tin-foil should be 
pasted on the inside of the glass ; the balls should not be 
more than 1-SOth of an inch diameter, suspended by alver 
wires, moving freely in holes nicely rounded. The hot- 
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torn of the electrometer should he of brass ; for this ren-. 
den it more eitsy to deprive them of any acquired elec- 
tricity, by touching the bottom and top at the Bame time. 

For common purposes, and occaaonal observations, 
very simple contrivances may he employed. A common 
jfHnted fishing-rod, having a glass stick covered with 
seaUng-wa^i substituted for the BDiallest joint, may he 
occasionally projected from the upper window of a house. 
A pair of pith-balls must be attached to a cork, in which 
the end of the glass stick is thrust ; and this part of the 
apparatus is to be occasionally uninsulated, by placing a 
jaa in the cork, connected with a thin wire held in the 
hand. In this uninsulated state, the fishing rod and its 
attached electrometer are to be held for a few seconds pro- 
jecting from the window, and, whilst in this position, the 
]Hn is to be withdrawn by pulling the thin wire ; this in- 
sulates the electrometer, which may be then drawn in and 
examined. Its electricity wiU be found to be contrary to 
that of the atmosphere. 

The best mode of protecting buildings by reference to ■ 
experimental data may now be examined. 



The umplest form in which these experiments are made, 
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is that known by the name of the thunder^house. This is 
represented in the preceding. page, where S is a board 
about three quarters of an inch thick, and shaped like the 
gable-end of a house. It is fixed perpendicularly upon the 
base G, f|x>m which rises the perpendicular glass F. A 
square hole, I Xi D E, about a quarter of an inch deep, 
and nearly one inch wide, is made in the board S, and fitted 
with a square piece of wood, nearly of the same dimensionst 
This board must fit in rather easily, so that the slightest 
.shaking may throw it out. A wire, L {, is fastened dia-. 
gonally to this square piece of wood. Another wire, R K, 
of the same thickness, having a brass ball R, screwed on 
its pointed extremity, is fastened upon the board ; so also is 
the wire D M, which is formed into a hook at M. . From 
the upper extremity of the glass pillar, F, a crooked wire 
proceeds, having a spring socket A, through which a dou- 
ble-knobbed wire slides perpendicularly, the lower knob 
B of which falls just above the knob R. The glass pil- 
lar must not be fixed very tightly into the bottom board ; 
but so as to be easily moved round its own axis, by which 
means the brass ball B may be brought nearer or farther 
from the ball R. When the square piece of wood is fixed 
into the hole so that the wire stands from K D, then the 
metallic communication is continuous, and the instrument 
represents a house furnished with a proper metallic con- 
ductor ; but if the square piece of wood is fixed so that 
the wire stands in the direction I L, as represented in the 
figure, then the metallic conductor from the top of the 
house to its bottom, is interrupted, and mischief may re- 
sult. 

Fix the piece of wood, so that its wire may be as repre- 
sented in the figure, in which case the metallic conductor is 
discontinued. Let the ball B be fixed at about half an 

VOL, II. o 
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inch perpendUcular distance from the ball R ; by meilns of 
a chain c<Hmect the wire e with the wire of the jar, and let 
another chain, fastened to the hook M, touch the outside 
coating of the jar. Connect the wire C with the prime 
conductor, and charge the jar; then, by turning the glass 
piUar, let the ball B come gradually towards the ball R, 
and when they are arrived sufficiently near one another, the 
jar will explode^ and the piece of wood be driven out of the 
hole to a considerable distance from the thunder-house. 
In this. experiment the ballB represents an electrified 
cloud ; which, when it is arrived sufficiently near the top of 
the house, the electricity strikes; and, as this house is 
not secured with a proper conductor, the explosion breaks 
part of it, as is seen by the violent removal of the piece of 
wood. 

Unscrew the brass ball B from the wire, so that it may 
remain pointed. With this difference only in the appanu 
tus, repeat the above experiments, and it will be found that 
the piece of wood is not in neither case moved from its place, 
nor will any explosion, be heard ; which not only demons 
strates the preference of the conductors with pointed termi- 
nations to, those with obtuse ends; but also shows that a 
house furnished with sharp terminations, although not fur- 
nished with a regular conductor, is almost sufficiently 
guarded against the effects of lightning. 

In the same way, a model of a powder-mill may be blown 
up, or a house be set on fire, by making an interrupted cir- 
cuit within them, and placing gunpowder, or other oom- 
bustible matter in its interval, as is shown in the model on 
the next page. 

Hhe house is supported by a mahogany base v, and one 
side is removed to show the internal construction. The 
wire and ball A enters the central pillar, which is furaish- 
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ed witli a cavity to contain the gunpowder. The chain 
passing through the end of the house at B, communicates 
vitfa the external surface of a diarged jar, while a Bimilar 
<diain may be made to pass through a hole at C, and form 
a conducting line with another wire and ball entering the 
central stem opposite A. On passing the spark through 
the edifice, the gunpowder is ignited, and the walls thrown 
down. 

The following precautioDary hints may be offered, as 
they comprise the best modes of ensuring safety during a 
thunder-storm. 

Shelter should not be taken under trees or hedges, for, 
diould they be struck, such situations are particularly dan- 
gerous ; at the same time a person is much safer at about 
thirty or forty feet from such objects than at a greater dis- 
tance, as they are likely to operate as conductors. Large 
portiiHiB of water also ought to be carefully avoided,[and 
even mnaller streams that may have reulted from recent 
rain, as these are good conductors, and the height of a 
human being connected with them, may sometimes deters 
mine the course of the lightning. In a house the safest 
situation is conadered to be the middle of the room ; and 
this situation may be rendered still more secure by stand- 
ing on a glass-legged stool : but, as such an article is not 
in the possession of many people, a hair mattress, or a thick 
woollen hearth rug makes a very good substitute. It is 
very injudicious to take refuge, as some persons do, in the 
2 
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cellar during a thunder-Btorm, eince the discharge is often 
found to be from the earth to the clouds, and many in- 
stances are recorded c( buildings thaft were struck having 
sustained the greatest injury about the basement story. 
But whatever situation is chosen, the greatest care should 
he taken to avoid any approach to the fire-place, since the 
chimneys are most likely to attract the fluid, and even if 
there be no fire in the grate at the time, it should be re- 
membered that soot is a powerful conduc^r. The same 
caution is necessary with respect to all large metallic sur- 
faces; as gilt furniture, or bell wires. 

The distance of the thunder-cloud may readily be deter- 
mined, as the interval between the flash and the commence' 
ment of the report furnishes the data necessary for the cal- 
culation. According to Flamstead, sound travels at the rate 
of 1142 feet in a seconds consequently, by a watch which 
points the seconds, the distance of the cloud is eaaly ascer- 
tained, for the flash and the sound are really contemporane- 
ous; and the former requires hardly any p^xeptible lapse of 
time to travel through any ordinary distance. Thus, for 
example, suppose the flash to occur five seconds before the. 
sound is heard, then 1142 x 5=5710=1 mile 4S0 feet, the 
distance of the explosion from the place, of the observer. 
So far this calculation is very gratifying, but it is no cri- 
terion of safety, for it only indicates the distance of a dick 
charge that has taken place: the next may render the ob- 
server incapable of observation. 

The aurora boreaJisy or northern lights, are generally con- 
sidered to arise from the passage of electricity through 
highly rarefied air, and the mode of producing these dif- 
fused luminous streams has already been pointed out V it 
may however be advisable to notice Mr. Dalton's account 
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of this splendid phenomenon. It occurs in his Meteorolor- 
gical Essays. 

" Attention/' says Mr. Dalton, " was first excited by a 
remarkably red appearance of the clouds to the south, 
which afforded sufficient light to read by, at eight o'clock 
in the evening, though there was no moon, nor light in the 
north. Some remarkable appearance being expected, a 
theodolite was placed to observe its altitude, bearing, &c.. 

^^ From half past nine to ten o'clock v. m.^ there was a 
large, luminous, horizontal arch to the southward,, almost 
exactly like those which we see in the north ; and there were 
some faint concentric arches northward. It was particu-* 
larly noticed that all the arches seemed exactly bisected by 
the plane of the magnetic meridian. At half. past ten 
o'clock streamers appeared very low in the south-east, run- 
ning to and fro from west to east ; they increased in mim^. 
ber, and began to approach the zenith apparently with an 
accelerated velocity ; when all on a sudden the whole he- 
misphere Was covered with them, and exhibited such an 
appearance aa surpasses aU: description. The intensity of 
the light, the prodigious number and volatility of the 
beams, the grand intermixture of all the prismatic colours 
in their utmost splendour, variegating the glowing canopy 
with the most luxuriant and enchanting scenery, afforded 
an awful, but at the same time a most pleasing and sul> 
lime spectacle. Every one gazed with astonishment ; but 
the uncommon grandeur of the scene only lasted about 
one minute ; the variety of colours disappeared, and the 
beams lost their lateral motion, and were converted into 
the usual flashing radiations ; but even then it surpassed 
all other appearances of the aurora, in that the whole he- 
misphere was covered with it. 
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<^ Notwithstanding the suddenness of the effulgence at 
the breaking out of the aurora, there was a remarkable 
regularity in the manner. Apparently a ball of fire ran 
along from east to west, and the contrary, with a velocity 
so great as to be barely distinguishable from one continued 
train, which kindled up the several rows of beams one after 
another : these rows were situated before each other with 
the most exact order, so that the bases of each row formed 
a circle crossing the magnetic meridian at ri^t angles ; and 
the several circles rose one above another in such sort, that 
those near the zenith appeared more distant from each 
other than those near the horizon, a certain indication that 
the real distances of the rows were either nearly or exactly 
the same.** 

The aurora borealis, or, as the same, appearance is com- 
monly termed, streamers, and in the Shetland Isles, the 
' merry dancers, can seldom be seen in the southern parts of 
the kingdom ; and, even when seen there, the appearance 
is far less brilliant than in northern latitudes, where this 
wonderful phenomenon is the constant attendant of clear 
evenings, affording a great relief to the inhabitants, amid 
the gloom that would otherwise attend their dreary winter 
nights. 

Now between these appearances and those of electricity, 
under certain circumstances, there are several points of 
dose resemblance. For it is found by a simple experiment 
that, when the electric fluid is made to pass through rare- 
fied air, it exhibits a diffused luminous stream, which has 
all the characteristic appearances of the northern lights. 
There are to be seen the same varieties of colour and in- 
tensity, the same undulating motion and occasional corus- 
cations; the streams exhibit the same diversity of cbaraor 
ter^ at one moment minutely divided into ramifications. 
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and at another beaming forth in one body of light, or pass- 
ing in w^ll-defined flashes ; and, when the rarefaction is 
high, various parts of the stream assume that peculiar 
glowing colour which occasionally appears, and which, on 
the whole, leaves but little room to doubt that the pheno^ 
mena are produced by the passage of electricity through 
the upper regions of the atmosphere. 

The next form of atmospherical electricity that claims 
our attention is that which it assumes in those meteors, to 
which the vulgar name of falling, or shooting stars, has 
been given. The aurora borealis, we have said, is caused 
by streams of the electric fluid passing rapidly through the 
higher regions of the air ; and these phenomena of which 
we are now speaking, are, in all probability, portions of the 
same matter moving through a more resisting medium, 
since they are always observed to be at comparatively 
small altitudes 

These meteors vary considerably in their size and co- 
lour, and also in the rapidity of their motion ; they move 
in various directions, but chiefly incline towards the earth. 
They occur in different states of the atmosphere, but pre- 
vail most in clear frosty nights, and at other times when 
the winds are easterly, and the sky clear ; in the intervals 
also of showery weather they are frequent, and on summer 
evenings, when well defined clouds are seen floating in a 
dear atmosphere. 

A tall glass tube connected with the air-pump is well 
calculated to exhibit this phenomenon ; instead, however, 
of employing the mere spark as in the aurora borealis, it is 
in this case tiecessary to employ a Leyden jar, and trans- 
mit the charge through the vacuous tube. Large masses 
of fire varying in colour, and dependent on the state of 
the vacuum may thus be made to dart along a tube more 
than five feet in length. 
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VOLTAIC ELECTRICITY. 

Discoveries by GalvanL — Muscular Motion ^oduced by 
Electricity. — Invention of the Voltaic Pile. — Method of 
exhibiting the Electricities of Metals. — Combination of 
Plates. — Phenomena of Decomposition. — Medical appli- 
cation of Electricity. 

This science may be said to owe its origin to the dis- 
coveries of an ingenious Italian philosopher, named Gal- 
vanic who published a Latin treatise on the subject at the 
close of the last century. 

In the preceding sections, the various phenomena result- 
ing from the friction of dry bodies have been examined, 
which, by their mutual action on each other, tend to de- 
stroy their electrical equilibrium ; and it may now be ad- 
visable to examine that branch of electricity which has led 
to some of the most important discoveries and splendid 
triumphs connected with the progress of chemical science. 

In the year 1790, Galvani, professor of anatomy at Bo- 
logna, accidentally discovered that the passage of a small 
quantity of electricity, through the nerve of a frog that bad 
been recently killed, had the property of exciting distinct 
muscular contractions. He produced the same effect with 
atmospherical electricity; and afterwards by the mere con- 
tact of two different metals. His discoveries were publish- 
ed in 1791 : .he proved the phenomena to be electrical, and 
says, " If you lay bare the sciatic nerve of a frog, and re- 
move the integuments, then place the nerve on a piece of 
zinc, and a muscle on a plate of gold, and connect these 
metals by any conducting substance, contractions are prt>- 
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duced ; but, if non-conductors are used to connect the me- 
tals, contractions are not excited." The experiments of 
Galvani received considerable attention; and they were 
varied and extended with the greatest perseverance by Pro- 
fessor Volta, Dr. Valli, Humboldt, Fowler, Monro, and 
Robison. 

The effects obtained in the experiments of these natural- 
ists may be iUustrated by very simple apparatus. The 
tnost important facts they establish are, first, that the pas- 
sage of a small quantity of electricity through the nerve or 
nerves of atiy animal, occasions a tremulous motion or con- 
traction of the contiguous muscles, and sometimes an ex-^ 
tension of the limbs. This effect takes place both in living 
animals and such as have been recently killed, and even in 
the detached limbs of these last. It is produced*^ when the 
transmitted electricity is too weak to affect the most deli- 
cate electrometers, and obtains in all animals for some time 
after death ; their susceptibility being greatest at first, and 
gradually diminishing as the limbs stiffen. Animals with 
cold blood, as frogs and fishes, retain the power of action 
after death longer than others, sometimes for many hours, 
or even days. 

When an insulated plate of zinc is brought into contact 
with one of copper or silver, it is found, after removal, to 
be positively electrical, and the silver or 
copper is left in the opposite state. With 
the accompanying simple apparatus, the 
above fact nday be experimentally illus- 
trated. If we take any other series of me- 
' tals, the same law will be found to hold 
good; and if we take platinum, gold, silver, 
mercury, ^copper, iron, tin, lead, and zinc, 
placing them in the order in which they have been enume- 
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rated, each will be negative by comparison with the cpe 
that precedes it. 

When several pairs of plates with discs of moistened 
cloth placed between each series, are placed on each other, 
the power of the apparatus is materially increased. 

The important discovery of accumulating the effects of 
this species of electricity was made by Volta in 1800, and 
thence has been denominated the Voltaic pile. The appa* 
iratus, as first made by Volta, consisted of a certain number 
of pairs of zinc and silver plates, separated from each other 
by pieces of wet doth. Hence the arrangement was as 
follows : zinc, silver, wet cloth ; zinc, silver, wet cloth, and 
so on. The silver plates were chiefly silver coins, the plates 
of zinc and the pieces of doth being of the same size. He 
found this pile much more powerful when the pieces of 
cloth were moistened with a solution of common salt in* 
stead of pure water. A pile, consisting of forty pairs of 
plates, he found to possess the power of giving a very sharp 
shock, similar to that of a small electric jar ; and that this 
effect took place as often as a communication was made be- 
tween each end of the pile, and as long as the pieces of 
cloth remained moist. 

To construct an apparatus of this kind, procure a num- 
ber of^plates of zinc and copper, or zinc and silver, either 
Tound or square, of any size; and an equal number of 
pieces of cloth, leather, or pasteboard, of the same form, 
but rather smaller. Soak these last in salt water, until 
they are thoroughly moistened ; place a plate of silver, or 
copper, upon the table, then upon that place a piece of zind, 
and on the zinc one of the moistened discs ; upon this a se- 
cond series of silver, zinc, and moistened cloth (or paste* 
board) in the same order ; and thus consecutiydy until 
a series of fifty or sixty repetitions ha-^e been arranged. 
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Particular care must be taken to place the plates in regular 
order ; if in the first group alver is placed lowrat, zinc next, 
and then the mra^ened disc, the same dtspodtioD must be 
observed throughout. 

The Voltaic pile being thus formed, let the operator 
mcnsten both his bands with brine, and grasp a silver spoon 
in each. If the top of the pile be then touched with one 
spoon, and the bottom with the other, a distinct but slight 
shock will be felt at every repetition of the contact This 
shock resembles very nearly the sensation produced by a 
very large electrical battery weakly charged ; it is greater 
in proportion to the number of groups of which the pile is 
composed. If the commuuicatiou is made with any part of 
the face near the eyes, or with a silver spoon held in the 
mouth, a vivid flash of light is perceived at the moment of 
contact, and that whether the eyes be open or shut 

A pUe furnished with three rods to pre- , 
serve the plates in a perpendicular direction, 
is shown in the accompanying diagram. 

Another form of the pile must now be no- 
ticed. If a number of alternations be made of 
copper or folver-Ieaf, zinc-leaf, and thin paper, 
the electricity excited by the contact of the I 
metals will be rendered evident to the com- ' 
mem electrometer, C represents a glass tube, in which are 




regularly arranged a number of alternating plates of ulver. 
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zioc» and thin paper, forming De Luc's electrical column. 
The metallic cap A is in contact with the silver plate, and 
B with the zinc plate, at the respective extremities of the 
pile. Upon examining the electrometers, it will be found 
that c is negatively diverged, and b positively^ 

To distinguish this instrument from the usual Voltaic 
apparatus, from which it differs in many respects, M. De 
Luc proposed to call it ^^ the Electric Column/' an appel- 
lation sufficiently appropriate, since the effects it produces 
are purely electrical. 

Mr. Singer made very numerous experiments on the con- 
struction of such columns, and varied their combinations 
most extensively. The materials he preferred, are thin 
plates of flatted zinc alternated with writing or smooth car- 
tridge paper, and silver-leaf. The silver-leaf is first laid 
on paper, so as to form silvered paper, which is afterwards 
cut into small round plates by means of a hollow punch. 
In the same way an equal number of plates are cut from 
thin flatted zinc, and from common writing or cartridge 
paper. These plates are then arranged in the order of 
zinc,, paper, silvered paper with the silvered side upwards ; 
zinc upon this silver, then paper, and again silvered paper, 
•with the silver side upwards ; and so on, the silver being 
in contact with zinc throughout, and each pair of zinc and 
silv^ plates separated by two discs of paper from the next 
pair. An extensive arrangement of this kind may be 
placed between three thin glass rods, covered with sealing- 
wax, and secured jn a triangle, by being cemented at each 
end into three equidistant holes in a round piece of wood ; 
or the plates may be introduced into a glass tube previous- 
ly well dried, and having its ends covered with sealing-wax, 
and capped with brass ; one of the brass caps may be ce- 
mented on before the plates are introduced into the tube. 
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and the other afterwards ; each cap should have a screw 
pass through its centre, which terminates in a hook out- 
side. This screw serves to press the plates closer together, 
and to secure a perfect metallic contact with the extremities 
of the column. 

There appears every reason to believe, that the action of 
a well-constructed column would be very durable. There 
is, however, a precaution necessary to their constant and 
immediate action ; the two ends of a column should never 
be connected by a conducting substance for any length of 
time ; for if, after such continued communication, it be ap^ 
plied to an electrometer, it will scarcely afipect it for some 
time^ It is, therefore, necessary, when a column is laid 
by, that it be placed upon two sticks of sealing-wax so as 
to keep its brass caps at the distance of about half an inch 
from the table, or other conducting surface on which it is 
laid. And if a column, which appears to have lost its ac- 
tion by laying by, be insulated in this way for a few days, 
it will usually recover its full power. 

There is another cause of deterioration which is more fa- 
tal ; it is the presence of too much moisture. If the paper 
be perfectly dry, it is a non-conductor, and will not there- 
fore produce any action in the column; but this perfect 
dryness can only be obtained by exposing the paper to a 
heat nearly sufficient to scorch it, and in its dryest natural 
state the paper will be found sufficiently a conductor, even 
when, by exposing the paper discs to the heat of the sun, 
they have been so dried as to warp considerably. When 
, the paper is sufficiently dry, the action of the column con- 
tinues without diminution ; and on taking such an appara- 
tus to pieces after It had been constructed thirty months, 
no trace of oxidation was evident on the zinc plates. 

Soon after the invention of the column, Mr. B. M. Fors- 
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ter discovered that) when a sufficiently extensive series was 
put togetlier, its electric power was sufficient to produce a 
sort of chime by the motion of a small brass ball between 
two bellsy insulated, and connected with the opposite ex- 
tremities of the column. He constructed a series of 1500 
groups, and by its agency kept a little bell-ringing appa- 
ratus in constant activity for a considerable length of time* 

Mr. Singer contrived an arrangement which is well cal- 
culated to form a perpetual motion, by excluding, to a 
very considerable extent, the operation of extraneous causes 
of interruption, and it at the same time renders the dispo- 
sition of the apparatus rather elegant. A series of from 
ISOO to 1600 groups are arranged in two polumns of equal 
length, which are separately insulated in a vertical position 
by glass pillars constructed on his principle of insulation; 
the positive end of one column is placed lowest, and the 
negative end of the other; and, their upper extremities 
being connected by a wire, they may be considered as one 
continuous column. A small bell is situated between each 
extremity of the column, and its insulating support, and a 
brass ball is suspended by a thin thread of raw silk, so as 
to hang midway between the bells, and at a very small dis- 
tance from each of them. For this purpose the bells are 
connected, during the adjustment of the pendulum, by a 
wire, that their attraction may not interfere with it ; and, 
when this wire is removed, the motion of the pendulum 
commences. The apparatus is placed upon a circular 
maliogany base, in which a groove is turned to receive 
the lower edge of a glass shade with which the whole is 
covered. 

There is some cause, not yet perfectly developed, that 
appears to influence the power of the column to produce 
the motion of light metallic pendula. In the bell-ringing 
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apparatus^ for instance,- though the motion always conti- 
nues, it is much more rapid at one p^od than another, 
and the oscillations of the pendulum, though usually as 
uniform as that produced by mechanism, is on some occa- 
sions singularly wild and irregular. The frequency with 
which the gold leaves of an electrometer strike the sides of 
the glass, when connected with an electric column, is also 
difiPerent at different times; the variations observed in 
some experiments of M. De Luc are much more consider- 
able than we have yet noticed with the more powerful co- 
lumns of Mr. Singer^s construction. 

It has been stated that the power of the moist galvanic 
pile gradually diminishes, the zinc surfaces becoming oxi- 
dated by the action of the moisture ; it therefore requires 
to be taken to pieces and cleaned, an operation that is very 
troublesome when the number of plates is considerable. 
This inconvenience was diminished by soldering each pair 
of zinc and copper plates together, instead of simply lay- 
ing them on each other ; and a further improvement was 
devised by Mr. Cruickshanks, which consisted in cementing 
the pairs of plates in regular order, in grooves made in the 
side of a mahogany trough, so as to form water-tight cells 
Between each pair. These cells being filled with water, or 
any conducting fluid, served as a substitute for the mois- 
tened discs used in the pile; and, as the fluid could be 
easily poured out and replaced, it required considerably 
less time to keep it in proper order. The form of the ap- 
paratus, which is called the Voltaic trough, or battery, 
has been much used in this country ; it is perhaps, one of 
the best arrangements hitherto devised, and its construction 
is sufliciently simple.* 

* The plates need only be soldered together at their upper edges; 
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When the trough is prepared, the kind of fluid with 
which it is to be filled, must next be considered. Distilled 

because the other edges are secured by the cement. At the soldered 
edge, the copper is doubled over the zinc, in a degree equal to the 
thickness of the latter, and the solder is then applied with more ease, 
as a groove to contain it may be left between the two metals. 

The plates should not be quite equal to the depth of the trough, 
for the convenience of 6Hing; as when they do not reach the top, by 
leaning the trough on one side, each cell will receive an equal quan- 
tity of fluid. 

The trough must have as many grooves in its sides as the number 
of plates it is intended to contain, which should be fewer in propor- 
tion to their size, otherwise the apparatus will be inconvenient from 
its weight. When the plates are not more than three inches square, 
their number in one trough may be fifty, and the distance of the 
grooves from three-eighths to half an inch. The trough must be made 
of very dry wood, and put together with white lead or cement. The 
plates being placed to the fire, the trough is to be well warmed, and 
placed horizontally on a level table, with its bottom downwards, very 
hot cement is then to be poured into it, until the bottom is covered to 
the depth of a quarter of an inch. During this process the plates will 
have become warm, and they are then to be quickly slided into the 
grooves and pushed firmly to the bottom, so as to bed themselves se- 
curely in the cement. In this way the plates are very perfectly ce- 
mented at the bottom, and, when this cement is sufficiently cool, a 
slip of thin deal is to be slightly nailed on the top edge of one of the 
sides of the trough, so as to overhang the inner surface about a quarter' 
of an inch. The trough being about three quarters of an inch deeper 
than the diameter of the plates, there will be an interval between their 
top edges and the deal slip; and, when the side of the trough to which 
the slip is attached is laid flat upon the table, this interval forms a 
channel into which very hot cement is to be poured, and it will flow 
between each pair of plates, so as to cement one side of all the cells 
perfectly. As soon as the channel is quite full of fluid cement, the 
strip ofdeal is to be torn off^ and the trough inclined so as to admit 
the superfluous cement to run out. When this is eflected, and the ce- 
ment cool, a slip of deal is to be nailed on the opposite , side and the 
same process pursued with that. The instrument will then be ce- 
mented in the most perfect manner, and it may be cleaned ofl* and var- 
nished. 
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water will produce but a Very slight effect, and it has been 
found that the power of the trough is greatly increased by 
the use of liquids which are papable of oxidizing, or exert- 
ing a chemical action on at least one of the metals; the 
water is therefore acidulated, — or some common salt,. as mu- 
riate of ammonia. The series of fluids best calculated for 
this purpose will, however, be best understood by reference 
to a tabular view. 



Posit ive 
Metal. 


Negative 
Metal. 


Interposed fluid. 


Effect pro. 
duced. 


Zinc. 


Platina. 


Dilute sulphuric add. 


10 


Ditto. 


Gold. 


Ditto. 


10 


Dit^to. 


Silver. 


Ditto., 


10 


Ditto. 


Pailadiikm. 


Ditto. 


10 


Ditlo. 


Copper. 


Ditto. 


8 


Ditto. 


Iron. 


Ditto. 


7 


Iron. 


Platina. 


Ditto. 


.3 


Ditto. • 


Ditto. 


Dilute nitric add. 


3 


Ditto. 


Copper. 


Dilute sulphuric add. 





Tin. 


Platina. 


Ditto. 


4 


Ditto. 


Copper. 


. Ditto. 





Ditto. 


Iron. 


Solution of caustic potash. 


1 


Ditto. 


Copper. 


Ditto. 


i 


Ditto. 


Platina. 


Ditto. 


2 


Zinc. 


Ditto. 


Ditto. 


3 


Ditto. 


Copper. 


Ditto. 


2 


Ditto. 


Antimony 


Dilute sulphuric kdd. 


2 


Ditto. 


Bismuth. 


Ditto. 


4 


Ditto. 


Platina. 


Nitric add. 


10 


Ditto. 


Copper. 


Ditta 


8 


Tin. 


Platina. 


Ditto. 


3 


Copper 


Ditto. 


Ditto. 


1 


Silver. 


Ditto. 


Ditto. 


* 



When different degrees of chemical action are excited in 
the Voltaic apparatus, by the introduction of various fluids, 
the more powerful the action that is produced the more 
transient is its duration. This circumstance is of impor- 
tance in the practical application of the instrument, since 
it offers the means of judiciously applying various methods 
of experiments, and of continuing the action of the appara- 
ratus during any required time. When the battery is 
charged with water, its chemical action is feeble, but it ap- 
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pe«rs to coatmue without diininution fw an indefinite 
length of time ; by the additum erf m ninute quantity ct 
autriatio acid, l-500tfa part for inrtanry, its dieimcal action 
it greatly augmented, and still cmitiniies for a comddenble 
period. When the proportion of acid is increased to a 
thirtieth or twentieth part, the action is oonaiderBble, but 
comparatively of ihort duration. Mr. Singa* says, he has 
found no stJutions bo advantageous as thoee d adds, and 
he prefers the muriatic acid to all others ; the nitric is in- 
deed rather more powerful in the same proportion, but its 
cost is tour times as great, and it is found that it destroys 
the copper plates as well as the ztnc The nitrous gas 
evolved by its action is also mudi more (tensive than hy- 
drogen, which results from the employment of muriatic 
add. 
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Dr. Wollaston^s arrang^nent of the plates materially in<- 
creases the power of the apparatus. It consists in extend- 
ing the copper, plate, so as to oppose it to every surface of 
the zinc, as seen in the previous page. P is the rod of wood 
to which the plates are serewed ; c c the zinc plates con- 
nected as usual with the copper plates D D, which are dou- 
bled over the zinc plates, and opposed to them upon 9.II 
sides, contact of the surfaces being prevented by pieces of 
wood ior <?ork placed at I I C C. 

The Wedgwood ware battery is now generally employed 
-when an extended series of plates are put into operation. 
These troughs contain compartments about half an inch 
broad, aiid they are about the same depth and length ^s 
the plates of ordinary troughs. Single plates of zinc and 
copper are united by a metallic arch at the top, so that 
they are parallel to each other, and at such a distance tha,t 
the two plutes can be .placed in two adjoining compart- 
ments. When the battery is completed, each compart- 
ment is filled with fluid, and contains a plate of copper and 
a plate of zinc. This apparatus, in fact, combines the 
principle of the battery with glasses, and that of the com- 
mon trough. As both surfaces of the metals are exposed 
to the action of the fluid, plates of the same size as those 
of the common trough expose twice the surface to oxida- 
tion; the galvanic efiect is not, however, duplicated, al- 
though rather greater than with a single surface. The 
principal advantage consists in the facility with which the 
battery can be constructed, and the plates cleaned after 
having been used : it also admits of another adjustment, 
which is occasionally convenient ; the plates are sometimes 
all united by a bar along the top of them ; and they may 
then be raised or lowered by a rack work at pleasure, so 

p 2 
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that the charge can be reduced in any required proportion, 
and again increased to its full quantity.* 

Mr. Pepys has contrived a single coil of copper and zinc 
plate, consisting of two sheets of the metals, each fifty feet 
long, by two feet broad, having, therefore, a surface of two 
hundred square feet; they are wound round a wooden 
centre, and kept apart by hair lines, interposed at intervals 
between the plates. This voltaic coil is suspended by a 
rope, and counterpoised over a tub of dilute acid, into 
which it is plunged when used. 

It gives nbt the slightest electrical indications to the elee« 
trometer; indeed, its electricity is of such low intensity, 
that well-burned charcoal acts as an insulator to it ; nor 
does the quantity of electricity appear considerable, for it 
"with difficulty ignites one inch of platinum wire of 1-dOth 
x>f an inch diameter. When, however, the poles are con- 
nected by a copper wire l-8th of an inch diameter, and 

* Dr. Hare sUics, that having had occasion to remark the sur- 
prising increase in the deflagrating power of a series of galvanic pairs, 
when^ after due repose^ they were simultaneously exposed to the acid ; 
he was induced to devise means of accomplishing this object in vari- 
ous ways^ and that ultimately the following method occurred to him as 
the best : two troughs are joined lengthwise edge to edge so that 
when the sides of the one are vertical, those of the other are horizon- 
tal. Then by a partial revolution of the two troughs, thus united up- 
on pivots which support them at the ends, any fluid which may be 
in one trough must flow into the other, and on reversing the motion, 
must' flow back a^ain. The galvanic series being placed in one of 
the troughs, the acid in the other, hiy a movement such as above de- 
scribed, the plates may all be instantaneously subjected to the acid, 
or relieved from it. 

The pivots are made of iron, coated with brass or copper, as less 
liable to oxidizementj they are connected within with* the galvanic 
series, and move on pieces of sheet-copper, which are easily made the 
extremities of connecting pieces^ and thus the whole can be arranged 
in any way that is found convenient. 
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eight inches long, it becomes hot, and is rendered most 
powerfully magnetic, and the instrument is admirably 
adapted for all electro-magnetic experiments. 

A modification of this apparatus will be seen in the 
accpmpanying diagram. 




When the opposite extremities of a powerful Voltaic 
i^paratus are connected by a wire, at the moment of con-, 
tact a distinct spark is perceived, which occurs every time 
the contact is alternately broken and renewed. If the con- 
tact is made with a wire terminated at the end by a piece 
of well-burnt . charcoal, the spark is considerably more 
vivid. And if the two wires proceeding from the opposite 
ends of the battery are armed with charcoal points, and 
brought in contact with each other, the light evolved is 
more brilliant and intense than any that has been procured 
by other artificial arrangements. When the battery is 
powerful, the emission of light may be kept up for a con- 
siderable time; it is so dazzling as to fatigue the eye even 
by a temporary glance, and, when it ceases, leaves the most 
brilliaatly illuminated room in apparent darkness. 
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This light appears to be principally derived from the 
immediate action of the* Voltaic apparatus, and not from 
the combustion of the charcoal ; for, though that is partly 
Ignited, it suffers but coipparativcly little waste, and the 
light is evolved with equal splendour when the cKpmment 
is made in gases which contain no oxygen ; and will even 
take place, though with diminished energy, under water, 
alcohol, ether, oils, and other fluids whose conducting 
power is not too great. 

The arrangement of the apparatus by which this is ef- 
fected, is shown in the accompanying trough, with its 
wires and non-conducting plate to fire inflammable bodies. 




; With the most powerful Voltaic batteries the striking 
distance of the spark, or interval at which it passes from 
one conductor to another, ijs very considerable. Mr. Chil- 
dren measured this effect by means of a micrometer, at- 
tached to two polished points of platina, which were in* 
serted in a receiver containing very dry air. With 1^50 
pairs of plates the points were brought within one-fifteenth 
of an inch of each other before the spark took place. 
With a large apparatus employed at the 'London Insti- 
tution, wliich extends to 2000 . pairs of four-inch plates, 
points of charcoal were brought within a thirtieth or 
fortieth of an inch of each other before any light was 
evolved; but, when the points of charcoal had become 
intensely ignited, a stream of light continued to play be* 
tween them when they were gradually withdrawn, even to 
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the distance of nearly four inches. The stream of light 
was in the form of an arch, broad in the middle and taper- 
ing towards the charcoal points; it was accompanied by 
intense heat, and immediately ignited any substance intrb-. 
duced into it ; fragments of diamond, and points of plum* 
bago disappeared, and seemed to evaporate, even when the 
experiment was made in an exhausted receiver; though 
they did; not appear to have been fused. Thick platina 
wire melted rapidly, and fell in large globules; the sap- 
phire, quartz, magnesia, and lime, were distinctly fused. 

These phenomena may be exhibited on a smaller scale 
by means of 100 pairs of plates, of six inches square, an 
apparatus which is well suited for all experiments of fusion 
and ignition. 

The arched form of the stream of light, passing between 
two charcoal points, is often very perceptible when the dis- 
tance of the points does not exceed half an inch. 

As the charcoal points usually become ignited when the 
battery has moderate power, almost any combustible sub- 
stance may be inflamed, if placed between them. OilB, al^ 
cohol, ether, and naptha, are decomposed when the points 
are plunged into them, and inflamed when they are brought 
near each other upon the surface. 

Some of the most pleasing effects of the Voltaic aj^Mura- 
tus result from its action on metals ; if these substances^ in 
thin leaves, are made the medium of communication be- 
tween the opposite ends of a powerful battery, they inflame, 
and by continuing the contact may be made to b^m with 
great brilliance. The best method c^ performing these ex- 
periments, is to suspend the metallic leaves to a bent wire 
proceeding' from one extremity of the battery, and to bring 
in contact with them a broad metal plate connected with 
the oppojiite extremity ; the brilliancy of the effect may be 
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increased by covering the plate with gilt' foil. Grold-leaf 
bums with a vivid white light tinged with blue, and pro- 
duces a dark brown oxide. Silver-leaf emits a brilliant 
emerald green light, and leaves an oxide of a dark grej 
colour. Copper produces a bluish-white light attended by 
red sparks ; its oxide is dark brown. Tin exhibits nearly 
similar phenomena, its oxide is of a lighter colour. Lead 
bums with a beautiful purple light ; and zinc with a bril- 
liant white light, inclining to blue, and fringed with red. 
For the distinct appearance of these colours it is essential 
to make the contacts with the metal ; for, if charcoal be 
used, the brilliant white light it evolves absorbs the colours 
produced by the combustion of the metals. 

If a fine iron wire be connected with one extremity of 
a powerful battery, and its end be brought to touch the 
surface of some quicksilver connected with the other ex- 
tremity, a vivid combustion both of the wire imd the 
quicksilver results, and a very brilliant efiect is produced. 

If a fine iron wire of moderate length be made the me- 
dium ot connexion between the extremities of the battery, 
it becomes ignited, and may be fused into balls ; or if a 
platina wire is employed, it may be kept at a red, or even: 
white, heat^ for a considerable length of time ; which seems 
to prove that some power is continually circulating through 
it ; but however powerful the battery,- wires are never dis- 
persed by it, as they are by the action of a charged sur- 
face. 

If a slender wire be inserted in any fluid, and then in- 
troduced into the Voltaic circuit, the fluid may be made to 
boil. 

The contact of either surface of the battery with the 
ground increases the electrical state of the opposite ex- 
tremity, and as experiment proves this to be the case, the 
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same circumstance may be presumed to take place with 
erery pair of associated metals, when their surfaces are in 
contact with a conducting fluid. Whilst the apparatus is 
insulated, the first zinc plate can only act on the electricity 
of its associate, the first copper plate; but the second zmc 
plate, through the conducting interposed fluid, can act (Hi 
both these, besides its companion, the copper, and may 
therefore become more highly positive ; and it is easy to 
conceive that such a repetition of action would be attend- 
ed with an increase of effect, proportioned to the number 
of platen ; and that the electrical tension of either end 
must be increased by connecting the other with the 
ground. 

To ascertain if this, principle really operated with a sin- 
gle combination, Mr. Singer took a pair of circular plates 
of six inches diameter, very clean and smooth, one being 
formed of zinc and the other of copper, and each provided 
with an insulating handle. When both plates were held 
by their insulating handles, and the zinc was successively 
applied to the flat surface of the copper, and after each 
contact made to touch the insulated plate of a condenser oi 
rix inches diameter ; twenty contacts were required to com- 
municate such a charge to the condenser as would occasion 
the leaves of a very delicate electrometer to separate to a 
quarter of an inch. But when the copper plate, instead of 
being held by its insulating handle, was simply laid on the 
hand, or on any similar conducting body, ten successive 
contacts of the insulated zinc plate, communicated a charge 
to the condenser, which occasioned the gold leaves to sepa- 
rate to the distance of more; than half an inch. On repeating 
these experiments, with the variation of touching the con- 
denser with the copper plate^ held by its insulating handle, 
and brought in contact with the zinc plate, first insulated. 
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and then uninsulated, similar results were obtained, but 
with the contrary electrical state. Hence the similarity of 
action in a single pair of metals, and a combined series^ is 
sufficiently proved; and the preceding statement of the 
manner in which the electrical power is supposed to in- 
crease with the number of associated plates, is rendered 
highly probable. 

The first experiments made upon the moist pile in this 
country appear to have been performed by Messrs. Nichol-. 
son and Carlisle. After observing the effects then ascribed 
to the piles on bringing the wires from each end of the co- 
lumn in contact with a drop of water,, they observed a dis- 
engagement of bubbles of some elastic fluid. 

On closer examination they found the gas to be hydro- 
gen. They then took a glass tube, about half an inch in 
diameter, into each end of which a cork was inserted, the 
tube being filled with water, Through each cork was in- 
troduced a brass wire, so that the ends of the wires in the 
glass M^ere about an inch and three-quarters of an inch. 
The pile employed consisted of thirty-six half-crowns, and 
as many similar pieces of zinc, and wet pasteboard. The 
zinc end of the pile was then connected with one of the 
wires in the tube, and the silver end with the other, so that 
the circuit formed by the pile was separated by the water 
in the tube placed between them. A stream c^ bubbles 
was observed at the end of the wire, in the tube connected 
with the silver end of the pile. No gas was disengaged 
from the opposite wire, but it speedily became tamished» 
first of an orange colour, and ultimately black. The tube 
was then reversed, when it was observed that the wire, 
which in the first experiment became tarnished, gave out 
bubbles, while that which had before given out gas, m its 
turn became tarnished. 
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The emission of gas from the wire connected with' the 
«ilver end of the pile was constant and uniform, except 
when a metallic circuit was formed between the ends of the 
pile, during which no gas whatever appeared. It was ob- 
served that, when this metallic conductor was removed, the 
appearance of the gas was not immediate, since there was 
an interval of about two seconds between the removal of 
the wire and the appearance of bubbles. After the pro- 
cess had continued two hours and a half, a bulk of gas 
was produced equal to two-thirds of a cubic inch. This 
gas was mixed with an equal bulk of common air, and ex- 
ploded on the application of a lighted taper. 

These ingenious experimenters, supposing the phenome- 
na in question to arise from the decomposition of the water, 
thought it surprising that the hydrogen should make its 
appearance at a distance of an inch and three quarters from 
the point where the oxygen was disposed of. They then , 
made the same experiment with a tube thirty-six inches in 
length, but no gas was observed. When they introduced 
an infusion of litmus instead of pure water, they observed 
that the fluid in the vicinity of the wire connected with the , 
zinc end of the pile became red, and hence were led to 
suppose that an acid had been produced. The fluid at 
the other wire was not changed, but gas, as usual, was 
evolved. 

In Sir H. Davy's Bakerian lecture on the chemical 
agencies of electricity, published in the Philosophical Trans- 
actions for 1807, he amply proved that acids, which are 
electrically negative, with respect to alkalies, metals, and 
earths, are separated from these bodies in the Voltaic cir- 
cuit at the positive pole ; and that alkaTies, metals, and 
garths, are separated from acids, at the negative surface. 
He showed further, that such are the attracting powers of 
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these surfaces, that acids are transferred through alkaline 
solutions, and alkalies through acid solutions, to the poles 
where they have their points of repose. This was exhibit- 
ed by making a combination of three agate cups, one con- 
taining sulphate of potash, one weak nitric acid, and the 
third distilled water. The three were connected by asbes- 
tos moistened in pure water, in such a manner, that the sur- 
face of the acid was lower than the surface of the fluid in 
the other two cups. When two wires of platina from a 
powerful Voltaic apparatus, are introduced into the two 
extreme cups, the solution of the salt being positively elec- 
trified, a decomposition took place, and in a short time, a 
portion of potash was found dissolved in the cup, in con- 
tact with the negative wire, though the fluid in the middle 
cup was still sensibly acid. 

As the current of electricity excited by the Voltaic ap- 
paratus, acts on the bodies through which it passes, and 
often attacks and decomposes them ; it must also, by the 
same power, act upon all the decomposible bodies which 
enter into the construction of its own system ; so that it 
becomes indispensable to examine, by experiment, the na- 
ture, the extent, and the consequences of this action. 

Among the phenomena which it produces, the first to be 
examined, because it is the most general, is a rapid ab- 
sorption of the oxygen of the air around the apparatus. 
TJiis may be rendered apparent in a very simple manner, 
by placing a vertical pile upon a support surrounded with 
water, and covering it with a cylindrical jar of glass, which 
also dips into the water at its base. In a few instants, the 
water will be seen to rise in the interior of the jar, especi- 
ally if we form the communication between the two poles 
of the pile by metal wires, So as to direct through them the 
circulation .of the electricity :. when no communication is 
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formed, the absorption still goes on, but with much greater 
slowness. In every case, in more or less time, accordiiig 
to the volume of the pile, and the quantity of air whioh 
surrounds it, the absorption ceases, and the air remaining 
under the jar presents no more traces of oxygen. 

When we separate the elements of the piles which have 
been thus kept in action during several hours, or even dayp, 
under a cover which prevents the renewal of the atmos- 
pheric air, and having a constant comn^unication kept up 
between their poles, we find that the metallic plates which 
compose them adhere to each other, and to the intermedi- 
ate moistened cloths, with so great a force, that it is diffi- 
cult to separate them. When this is done, we observe 
that the chemical action of the pile appears to have reacted 
on it, and produced remarkable alterations in its own ele- 
ments. If the pile has been raised, according to the order, 
2inc, moisture, copper, zinc, and placed on its zinc base, 
we observe invariably that particles detached froin the in- 
ferior zinc plate have been carried to, and have fixed them- 
selves on the plate of copper above it, while particles of 
copper have been transported to the superior zinc, and so 
on from the bottom to the top of the columns. If the situ- 
ation of the pile is the reverse, namely, copper, moisture, 
zinc, copper, the copper descends upon the zinc, which is 
below it, and the zinc on the copper, fi-om the bottom to 
the top of the column. The direction of the passage 
through the pile is reversed, but it remains the same rela-^ 
tively to the order of the elements of which the apparatus 
is cpmposed. 

According to this arrangement, the zinc, in order to 
reach the copper, must necessarily pass through the small 
piece of moistened cloth which separates them. In piles 
where the communication between the "two poles, is not 
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formed, this transmission does not sensibly take place ; tbe 
surface of the copper remains smooth, and that of the zinc, 
which is opposite to it, is only covered with minute black 
lines, which follow the direction of the threads of the cloth. 
When the communication has been established for a short 
time, some particles of oxide begin to pass, and attach 
themselves to the copper ; and, if the action of the pile 
is strong, the surface of the copper is at last entirely 
covered; then the chemical and physiological action of 
the pile ceases, either because the oxide of zinc deposited on 
the copper exerts on it an electromotive action, which ba^ 
lances that of the metallic zinc, touching it on its other 
side ; or because the interposition of this stratum of oxide 
presents too great an obstacle to the transmission of the 
electricity ; or lastly, what is most probable, because these 
two effects combine their influence at the same time. 

A beautiful illustration of the effects resulting from elec- 
trical transfer may readily be adduced. 




Fill the glass tubes represented in the above diagram; 
which are closed at top and open at bottom, with infusion 
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of violets, or red cabbage, and invert them in the basins 
B B, containing a solution of Glauber^s salt, and connected 
by the glass tube C, also containing the blue infudon. 
F and N are platinum wires, .which pass into the tubes 
nearly to the bottom, and which are to be connected with 
the positive and negative extremities of the Voltaic appa« 
ratus. It will be found that oxygen is evolved at the wire 
P, and hydrogen at N, derived from the decomposition of 
the water. The Glauber's salt, which consists of suljdiiu- 
ric acid and soda, will also be decomposed, and the blue 
liquo^will be rendered red in the positive vessel, by the 
iK^umulation of sulphutic acid, and green in the n^ative, 
by the soda, while the add and alkali will each traverse the 
tube C without uniting, in consequence of being under the 
influence of electrical attraction. 

Procure four glass tubes, one-fourth of an inch internal 
diameter, and about four inches long, bent in the form of 
the letter U. Fill these tubes with blue cabbage liquor, 
the interrupted metallic circuit being formed through them 
by connecting arcs of platiiia wire. When the extremities 
of this apparatus are connected with the opposite wires of 
a Voltaic battery, after a short time, the liquor in that leg 
of each syi^ion which inclines towards the copper extremity 
of the battery will become green, and that in the opposite 
leg red ; and by reversing the connections, those legs which 
w^e green, may be rendered red, and those that were red 
ccmyerted to green. 

That these phenomena depend on the transmission of* 
electricity, from metal to water, and from water to metal, 
is demonstyated by the following variation of the experi- 
ment. 

Remove all the platii^a wires but tbe two end ones, and 
eomittct the four syphons (filled with bine test liquor as be* 
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fore) by three arcs of moistened cotton. When the end 
wires have been some time connected with the opposite 
ends of the battery , the liquor in the two syphons next the 
copper side will be wholly changed to green, and that in 
the two syphons next the zinc extremity will be wholly 
changed to red. Hence it is probable, that when the elec- 
tric fluid passes from metal to water, it separates oxygen, 
or add ; and when it passes from water to metal, it sepa- 
rates hydrogen, alkali, or inflammable matter. 

The most difficult feature of all the Voltaic decompoa* 
tions, is the invisible form in which the separated elements 
of various compounds appear to traverse the fluid, and ar- 
range themselves at the opposite wires. The oxygen and 
hydrogen that appear in some of our experiments, at the 
distance of three feet from each other, are necessarily sup- 
posed to result from the same particle of water ; and if 
this be situated at either wire,^ one of its elements (either 
the oxygen or hydrogen) must pass through the whole 
length of the tube to reach the other, and that in an invi- 
sible state, for the gases are separated at the oppgsite ex- 
tremities without any apparent alteration of the interposed 
fluid. 

Let the wires of a galvanic battery be made, to termi- 
nate in a flat-bottomed vessel, containing pure water, about 
an inch and a half from each other ; if then another wire, 
of an inch in length, be laid longitudinally between them, 
but not to touch them, each end of the intermediate wire, 
if of gold or platina, will aflbrd gas. That end opposite 
the negative wire will give oxygen^ and the other end of 
the same will furnish hydrogen ; and if any number of bits 
of wire be placed between the principal wires, at the same 
time they do not touch each other, oxygen and hydrogen 
will be alternately furnished by the ends of the wires. 
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When the principal wires are brought nearer together^ and 
a platina wire placed transversely between them, rae side 
of the intermediate wire will furnish oxygen, an^ the other 
hydrogen. This fact is put in a more stril'jing point of 
View, by placing a plate of platina in a ^ ;jssel of water 
edgeways, and bringing the wires of the oattery opposite 
to each other, and pei'pendicular to thf sides of the plate. 
If the battery employed consist of fift^ plates, three inches 
square,, a circular spot will be obseX/ed on each side the 
plate opposite the wires. This appearance is caused by 
the evolution of gas from those parts of the plate only. 

If a plate of glass be coated over with a solution of ni- 
trate of silver, and a brass pin or a piece of zinc wire be 
laid in the middle of the plate, beautiful ramifications of 
silver will soon appear as if growing out of the pin*, very 
much resembling vegetation. By observing the process 
with a magnifying glass, each branch of this arborescence 
may be seen to grow from the end or side of another ; 
which proves that the silver forming the vegetative appear- 
ance is not reduced by the oxydable metal laid on the plate, 
but by something at the successive points of the silver 
branches.' With a view to ascertain this fact, one half of 
the plate may b^ covered with nitrate of silver, and the 
other half with dilute muriatic acid. If a -piece of zinc 
wire be tied to a piece of platina wire, and the compound 
wire so bent that the zinc may touch the dilute acid, and 
the platina the nitrate of silver, the ramifications of silver 
will soon appear upon the platina wire. That the silver is 
reduced by the hydrogen carried in the galvanic current, 
is probable, from varying the experiment as follows : if, 
instead of coating the plate with nitrate of silver, the whole 
be covered with dilute acid, and the saxAe compound arc 
be laid upon it, the platina will give out bubbles of hydro- 
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gen. In the common way of making this experiment with 
the pin, as well as the variation above stated, it appears 
that the process is kept up by the galvanic current, whidi 
furnishes the hydrogen. The pin first reduces a small 
portion of silver, which forms a galvanic combination with 
the pin. The hydrogen which, but for the presence of the 
remaining nitrate of silver, would appear in the gaseous 
form, is employed in depriving the silver of its oxygen. • 
With the compound arc, the zinc does not require to touch 
the nitrate of silver, because the platina with zinc is already 
a galvanic combination. The theory of whitening common 
pins can be explained on this principle. The tin, in a 
small proportion, is dissolved in the tartrate of potash ; 
pieces of metallic tin, with the pins, are also present The 
two latter form the galvanic combination, and a portion of 
tin is reduced from the solution upon the pins, to which 
they owe their whiteness. 

The phenomena that have been described as the conse- 
quences of Voltaic decomposition obtain in every variety of 
experiment. Sulphuric acid introduced into the Voltaic 
circuit gives off oxygen gas, and sulphur is deposited. 
Phosphoric acid evolves oxygen gas, and phosphorus com- 
bines with the negative wire. Ammonia separates into hy- 
drogen and nitrogen with a small proportion of oxygen. 
Oils, alcohol, and ether, when acted on by a powerful bat- 
tery deposit charcoal, and give off hydrogen. And Pro- 
fessor Brande has shown, that when animal fluids contain- 
ing albumen, are placed in the Voltaic circuit, the albiimen 
is separated in combination with alkali at the n^ative wire, 
and in combination with acid at the positive wire. And 
that, with a powerful battery, it separates at the negative 
wire in the solid form ; and with a less power, in the fluid 
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form, SO that it is probable animal secretion may depend on 
some such power. 

The decomposition of the alkalies may, by care and at* ' 
tention, be effected with a battery of fifty pairs of plates of 
three t>r four inches square ; but the results are rather un- 
certain : two hundred plates form a very e£Bcient arrange- 
ment; they should be excited by a weak acid mixture 
(about one part strong muriatic or nitrous acid, to thirty 
parts of water). A plate of silver or platina being con* 
nected with the negative side of the battery, a thin piece of 
pure potash or soda is to be placed upon it, and a platina 
or silver conductor, proceeding from the positive side of the 
battery, is to be brought in contact with the upper surface 
of the alkali, which soon fuses at the points of contact: me- 
tallic globules shortly appear near the negative surface, 
and graduaUy increase in size, until a crust of alkali begins 
to form on their surface ; at this moment they should be 
removed by the point of a knife, and instantly plunged un* 
der naptha ; or, if the experiment be merely intended to 
demonstrate their production, they may be brought in con- 
tact with the surface of water or nitric acid. It sometimes - 
happens that no globules appear, but if the contact \)e pre- 
served for some time, and the alkali be afterwards raised, 
several will be found imbedded in its under surface. If 
the action of the battery be strong, it also sometimes hap- 
pens that the globules inflame, and even detonate at the 
momenl of their production ; it is therefore advisable not 
to bring the eyes too near during the experiment, or else to 
cover them with glasses. These experiments always re- 
quire great care to insure their success, which a trifling 
variation in the power of the battery, purity of the potash, 
or moisture of the atmosphere, may prevent. — Soda is 
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rather more difficult to decompose than potash, and therefore 
requires to be employed in thinner pieces ; the pieces of 
potash should rarely exceed a quarter of an inch in thick- 
ness, and those of soda one-eighth of an. inch. 

To prevent the loss of the alkaline bases during their se^ 
pa^ation, by the powerful action of the air upon them, it 
has been proposed to effect the decomposition under nap- 
tha : the moist potassa being placed between two plates of 
platina in a proper vessel, which is to be filled with naptha 
as soon as the contact ^ith the battery is established ; in 
this way the action of the air is prevented, but the naptha 
decomposes, and hydrogen and charcoal are liberated, 
which renders the result less satisfactory than in the more 
ample form of the experiment. The most essential pre- 
cautions are to preserve the alkali as dry as is consistent 
with a sufficient degree of conducting power, and to employ 
the battery in a moderate state of action, in which it does 
not produce a very in tense, heat, for that would destroy the 
metallic base at the moment of its production* 

The amalgam of potassium, or sodium, with mercury, is 
easily procured ; and may be obtained by a very moderate 
power. A glass tube, one-fourth of an inch diameter and 
three inches long, having a short platina wire sealed in one 
end, is to have mercury poured into it until the end of the 
platina wire is covered ; the rest of the tube is to be filled 
with a concentrated solution of alkali, either pure or car- 
bonated. The platina wire, surrounded by mercury, is 
then to be connected with the negative end of a Voltaic 
battery, and the circuit completed by bringing a platina 
wire from the positive end, in contact with the solution of 
alkali. Gas will be evolved &om this wire, and the surface 
of the mercury will be greatly agitated ; when the action 
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grows weaker, the mercury may be poured into a glass of 
water, and the presence of the alkaline metal will be im* 
mediately indicated by the evolution of a cloud of minute 
bubbles of hydrogen gas, which may be collected by in- 
verting over the mercury a small closed glass tube filled 
with water. This result has been frequently obtained with 
a battery of thirty pairs of plates of only two inches square. 
The amalgam may be obtained more highly charged with 
the alkaline metal by employing a solid piece of alkali, 
with a small cavity on its surface, in which a globule of 
mercury is to be placed. The alkali is to be connected 
with the zinc surface of a battery, and the mercury with 
the capper surface ; the mercury soon becomes more tena^ 
cious, and sometimes is converted into a soft solid mass, 
and in this state, if thrown into water, it produces a rapid 
decomposition. 

Mr. Hare has observed, that the charcoal points, when 
Ignited by the instrument, ^* assumed a pasty consistence, 
and appeared as if in a state of fusion.^ This most im- 
portant fact seems to have been placed beyond a doubt by 
ProfessQr Silliman, who has obtained some very curious 
and valuable results with a powerful galvanic apparatus) 
When the charcoal points were brought into contact, aild 
then withdrawn a little, the most intense ignition took 
place. The charcoal part of the positive pole shot out^ind 
increased from the tenth to the eighth, and sometimes to 
the fourth of an inch in length. The charcoal of the ne- 
gative pole, on the contrary, was diminished, and a circle- 
diaped cavity was formed at the end of it, as if the matter 
had been actually transferred to the positive pole, by a cur- 
rent flowing from the negative to the positive pole. From 
various experiments Professor Silliman concludes, '^* tliat 
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there is a current from the negative to the positive pcde, 
and carbon is actually transferred by it in that directimi,*' 
probably in the state of vapour. 

Upon examining with a microscope the projecting point 
of the positive pole, it exhibited decisive indications of 
having undergone a real fusion. It presented a mamillated 
appearance, and its form was that of att aggregation of 
small spheres. Its surface was smooth and glossy, as if 
covered with a varnish. Its lustre was metallic, and it 
had entirely lost the fibrous appearance it previously 
possessedi 

The power possessed by certain animals of destroying 
the electrical equilibrium, and of rendering this apparent 
by the transmission of shocks to other bodies, is too impor- 
tant to be passed without notice. 

In the gymnotus or electric ee/, and in the torpedo or 
electric rdy^ are arrangements given to those remarkable 
animals for the purposes of defence, which nearly resemble 
Voltaic apparatus, for they consist of many alternations of 
different substances. These electrical organs are much 
more abundantly supplied with nerves than any other part 
of the animal, and the too frequent use of them is succeed- 
ed by debility and death. We may, however, notice them 
somewhat more in detail. * 

The torpedo^ which belongs to the order of rays^ is a flat 
fish, very seldom twenty inches in length, weighing but 
a 'few pounds when full grown, and commonly caught in 
various parts of the sea-c6ast of Eur<^. The electric 
organs of this animal are two in number, and placed one on 
each side of the cranium and gills, reaching from thence to 
the semicircular cartilages of each great fin, and extend- 
ing longitudinally from the anterior extremity of the ani- 
mal to the transverse cartilage which divides the thorax 
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from the abdomen. In those places they fill up the whole 
thickness of the animal from the lower to the upper surface, 
and are covered, by the common skin of the body, under 
which, however, are two thin membranes or fascias. The 
length of each organ is somewhat less than one-third part 
of the length of the whole animal. Each organ consists of 
perpendicular columns, reaching from the under to the 
upper surface of the body, and varying in length according 
to tbe various thickness of the fish in various' parts. The 
tiumber of those columns is not constant, being not only 
different in different torpedos, but likewise in different 
ages of the animal, new ones seeming to be produced as 
the animal grows. In a very large torpedo, one electric 
organ was found to consist of 1182 columns. The greatest 
number of those columns are either irregular hexagons, or 
irregular pentagons, but their figure is far from bein^ con- 
stant. Their diameters are generally one-fifth part of an 
inchb ^^ Their coats are very thin, and seem traKisparent, 
closely connected with each other, having a kind of loose 
net-work of tendinous fibres passing transversely and ob- 
liquely between the columns, and uniting them more firmly 
together: these are mostly observable where the large\ 
trunks of the nerves pass. The columns are also attached 
by strong, inelastic fibres, passing directly from the one to 
the other.^ 

Each column is divided by horizontal partitions, placed 
over each other at very small distances, and forming nume- 
rous interstices, which appear to contain a fluid. These 
partitions consist of a very thin membrane, considerably 
transparent. Their edges appear to be attached to one 
another, and the whole is attached by a fine cellular mem- 
brane to the inside of the columns. 

The above-mentioned electric organs seem to be the only 
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ports employed to pioduce the shock ; the rest of the am- 
mal appearing to be only the conductor of that shock, as 
parts adjacent to the electric organs ; and, in fact, by arti- 
ficial electricity, it has been found that the animal is a con- 
ductor of the electric fluid. The two great lateral fins 
which bound the electric organ laterally, are the best con- 
ductors. 

The gymnotus electricus has been frequently called the 
electric tel, on account of its superficial resemblance to the 
common eel ; though, when accurately examined, it is 
found to have few of the specific properties of that ani- 
mal. The gymnotus is found pretty frequently in the 
great rivers of South America. 

M. Humboldt, in his ^* Personal Narrative,*^ furnishes a 
very interesting account of the mode of catching the gym- 
noti, which inhabit some of the rivers and pools of South 
America. M. H. would not employ the roots of the Pis- 
cidea erithryna and Jacquinia armillaris, which, when 
thrown into the pool, would intoxicate or benumb the ani- 
mals ; as these means would have enfeebled them : the In- 
dians therefore said they would fish with horses, and tbe 
guides were soon seen returning from the savannah, which 
they had been scouring for wild horses and mules. They 
brought about thirty with them, which they forced to 
enter the pool. The extraordinary noise caused by the 
horses' hoofs, made the fish issue from the mud, and ex- 
cited them to combat. The yellow and livid eels, which 
resembled large aquatic serpents, swam on the surface of 
the water, and crowded under the bellies of the horses and 
mules. 

This singular contest between animals so different in 
their organization, appears to have furnished a very strik- 
ing spectacle. Tbe Indians, provided with harpoons and 
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long slender reeds, surrounded the pool closely, while 
others climbed the trees which hung over its banks, and by 
their wild cries prevented the horses from running away. 
The eels, stunned by the noise, attempted to defend them- 
selves by the repeated discharge of their electric batteries, 
and for a time appeared victorious, as. several horses^ sunk 
beneath, the violence of the invisible strokes ; while others, 
panting, with mane erect, and haggard eyes, raised them- 
selves and endeavoured to fly from the storm by which 
they were .overtaken. But few, .however, succeeded in 
gaining' the shore, and these stumbling at every step, 
stretched themselves on the sand, exhausted with fatigue, 
and their limbs benumbed by the electric shocks of the 
gymnoti. 

In less than five minutes the humane conductors of this 
exhibition had succeeded in drowning two horses, and M. 
Humboldt imagined that the fishing would terminate by 
killing successively all the animals engaged ; but by de- 
grees, the impetuosity bf this unequal combat diminished, 
and the wearied gymnoti dispersed. On the fish approach- 
ing the edge of the marsh, they were readily taken by 
means of a small harpoon, and when the cord to which the 
instrument was attached was free from moisture, the In- 
dians felt no shock in raising the fish from the water. The 
temperature of the pool was about 86*^ of Fahrenheit, and 
the electric energy of the fish was supposed to diminish in 
colder water. 

Some of the gymnoti measured by M. Humboldt exceed- 
ed five feet in length, and the Indians asserted that they 
had seen them still longer. The transverse diameter of 
the body was more than three inches, and a fish of three 
feet ten inches in length weighed twelve pounds. 

The gymnoti of Cano de Bera are of- a fine olive-green 
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colour ; the under part of the head being yellow niingled 
with red. Two rows of small yellow spots are placed sym- 
metrically along the baclc, from the head to the end of the 
tail ; each of which contains an excretory aperture, so that 
the skin of the animal is constantly covered with a mucous 
matter, which it appears conducts electricity more than 
twenty tiroes as well as pure water. 

We may now notice some of the electric effects which re^ 
suited from a variety of experiments with these fish. First 
shocks from- large and strongly irritated gymnoti were as 
much as possible avoided ; and if by chance a stroke was 
received, the pain and numbness was so violent as to ex- 
ceed all description. M. H. says he never received so 
severe a shock from common electricity as he experienced 
from having incautiously placed both his feet on the body 
of a fish just taken from the water, and he adds that he 
was afflicted for the rest of the day by a violent pain in al- 
most every joint. The gymnotus, when in a state of ex- 
treme weakness, merely causes a twitching sensation, which 
is propagated from the part that rests on the electric 
organs, as far as the elbow, every stroke producing an in- 
ternal vibration, that lasted two or three seconds, and ac- 
companied by a painful numbness. The electric action of 
the fish appeared to depend entirely on its will, each shock 
being accompanied by a depression of the eyes. 

The electric organ of the gymnoti acts only under the 
immediate influence of the brain and heart, for on cutting 
a very vigorous fish through the middle of the body, the 
fore part alone gave shocks; but these in a live fish are 
equally strong in every part of the body. Resinous sub- 
stances, glass, very dry wood, horn, and even bones prevent 
the action of the gymnoti from being transmitted to n^an. 
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but M. Bonpland receiYed shocks when carrying an eel on 
twQ cords formed of the fibres of the palm-tree. 

Although it has been seen that the shock from this fish 
is at least as powerful as any that can be produced by arti- 
ficial electricity; and the electric spark has even been 
elicited by Messrs. Walsh and Ingenhousz, yet in no case 
has it exhibited the phenomena of attraction or repulsion, 
both of which can be produced by the Voltaic pile. 

The third fish which is known to have the power of 
giving the shock, is found in the rivers of Africa, but we 
have a very imperfect account of its properties. This axkl* 
mal belongs to the order which the naturalists call iilurus ; 
hence it is commonly called silurus electricus. Some of 
those fishes have been seen even above twenty inches long. 

The body of the silurus electricus is oblong, smooth, 
and without scales ; being rather large, and flattened to- 
wards its anterior part. The. eyes are of a middle size, 
and are covered by the skin which envelopes the whole 
head ; each jaw is armed with a great number of small 
teeth. About the mouth it has six filamentous appendices. 
The colour of the body is greyish, and towards' the fail it 
has some blackish spots. 

The electric organ seems to be towards the tail, where 
the skin is thicker than on the rest of the body, and a 
whitish fibrous substance, which is probably the electric 
organ, has been distinguished under it. 

It is said that the silurus electricus has the property of 
giving a shock or benumbing sensation like the torpedo, 
and that this shock is communicated through substances 
that are conductors of electricity ; but no other particular 
about it is known with any considerable degree of cer* 
taipty. - 
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For a knowledge of the medical use of the galvanic 
agency, we are mainly indebted to Professors Galvani and 
Aldini, on the Continent, and Dr. Wilson Philip, in Eng- 
land. Numerous experiments made on dead animals, as 
well as on human subjects, had previously proved, that gal- 
vanism had a pecuUar effect on the nervous and muscular 
system, and led to the conclusion, that this singular agent 
must possess some sanative as well as energetic influence 
on the actions of iliseased living beings, and would effect 
cures or afford relief in nervous disorders. This suppo- 
sition was verified by several trials, and numerous instances 
have, subsequently, confirmed its ei&cacy in those disorders, 
as well as in many other complaints. Galvanism has not 
only been used to cure the aflSicted- living, but also to re- 
suscitate the apparently dead; and in suspended anima- 
tion it has been found to be a test of vitality, and the surest 
criterion of recent death. Dr. Grapengiesser, of Berlin, 
one of the principal writers on medical galvanism, who 
strongly recommends its use in palsies, rheumatism, de- 
bility of sight, nervous deafness, hoarseness, white swell- 
ings of the joints, tumours in the glands of the neck, &c. 
concludes by observing, that galvanism not only possesses 
a stimulating power over the nerves and muscles, but also 
over the vital forces ; and that it moreover possesses reso- 
lutive and derivative qualities. M. Sprenger, of Jenna, 
an able administrator of galvanism, gives an account of his 
having restored the sense of hearing to forty-five persons, 
to four of whom he also restored the sense of smelling. 
Dr. Wilkinson, in his " Elements of Galvanism,'' has re- 
lated a variety of cases in which it was applied with the 
greatest advantage by Continental practitioners ; and he 
also describes the beneficial effects which were produced by 
its u^ under his own immediate direction in paralytic and 
spasmodic affections. 
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Experience has proved that the medical effect of elec« 
tricity is not confined to the Voltaic apparatus, but that 
the ordinary electrical machine may be made most effective 
in producing sanative effects. The auxiliary apparatus re- 
quisite for medical purposes are the following: — A jar 
fitted up with Lane^s electrometer, by which shocks may 
be given of any required force. A pair of directors, each 
consisting of a glass handle, surmounted by a brass cap 
with a wire of a few inches in length, having a ball screwed 
on its extremity, which may be occasionally unscrewed and 
a wooden point substituted for it. 

When shocks are given by means of these directors, 
they must be applied at the opposite extremities of the 
.part through which the charge is required, to pass; and 
being respectively connected by conducting wires, the one 
with the outside of the jar, and the other with the receiving 
ball of the electrometer previously placed at the requisite 
distance, the jar may be set to the machine, which is then 
put in motion until any required number of shocks has 
been given. 

The insulated director is also employed to give sparks, 
being held by its glass handle, and its ball previously con- 
nected with the conductor by a fine chain being brought ' 
near the patient, or rubbed lightly over a piece of flannel 
or woollen cloth laid on the affected part. When the 
eye or any delicate organ is electrified, the ball of the 
insulated director is unscrewed and th^ wooden point ap- 
plied, at the distance of ab6ut half an inch from the part. 
The stream of electricity which passes fronu the point, 
in such cases, produces rather a pleasant sensation than 
otherwise. 

An insulated stool is sometimes employed ; it should be 
of sufiicient size to receive a chair upon it, with a resting- 
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place in front of the chair for the feet. The patient being 
ph|ced on the insulated chair, and connected with the con- 
ductor of the machine by means of a chain, sparks may be 
drawn from any part of the body by a person who stands 
on the ground and presents a brass ball to it. 
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MAGNETISM. . 

Nature of Ferruginous Bodies. — Loadstone. — Artificial 
Magnets. — Magnetising Power of the Prismatic SpeC" 
trum. — Magnetism applied to Nautical Purposes* — Con- 
struction of the Compass. — Attempted Insulalioti. — Bar- 

low'^s Apparatus.-^Dipping Needle. 

» 

This science may justly be considered as yet but in its 
infancy, although the facts elicited since the commence- 
ment of the nineteenth century, by Barlow, Morichini, and 
Davy, bid fair to throw considerable light on some of its 
more recondite principles. 

The theory of magnetism bears a very strong resem- 
blance to that of electricity, and it must therefore be 
placed near it in a system of natural philosophy. We 
have seen the electric fluid not only exerting attractions 
and repulsions, and causing a peculiar distribution of 
neighbouring portions of a fluid similar to itself, but also 
excited in one body, and transferred to another, . in such a 
manner as to be perceptible to the senses, or at least to 
cause sensible efibcts, in its passage. The attraction and 
repulsion, and the peculiar distribution of the neighbour- 
ing fluid, are found in the phenomena of magnetism ; but 
we do not perceive any actual excitation, or perceptible 
transfer of the magnetic fluid from one body to another ; 
and it has also this striking peculiarity, that metallic iron 
is very nearly the only substance capable of exhibiting any 
strong indications of its presence. 

The most simple experimental illustration of the effects 
. of magnetic attraction may be thus illustrated. If the 
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north pole of a magnetised bar be presented to a similar 
pole of another bar, it will be repelled, or driven away 
from it ; but if, on the contrary, two opposite poles be 
presented towards each other, they will be attracted. 

From this it will be seen, that a north pole always re- 
pels a north pole, and attracts a south pole. And in a 
neutral piece of soft iron, near to the north pole of a mag- 
net, the fluid becomes so distributed by induction, as to 
form a temporary south pole next to the magnet, and the 
whole piece is of course attracted, from the greater proximity 
of the attracting polew If the bar is sufficiently soft, and not 
too long, the remoter end becomes a north pok, and the 
whole bar a perfect temporary magnet. But when the bar is 
of hard steel, the state of induction is imperfect, from the 
resistance opposed to the motion of the fluid ; hence the at- 
traction is less powerful, and an opposite pole is formed at a 
certain distance within the bar ; and beyond this another 
pole, similar to the first ; the alternation being sometimes 
repeated more than. once. The distribution of the fluid 
within the magnet is also afiected by the neighbourhood of 
a piece of soft iroii, the north pole becoming more power- 
ful by the vicinity of the new south pole, and the south 
pole being consequently strengthened in a certain degree ; 
so that the attractive power of the whole magnet is in- 
creased by the proximity of the iron. A weak magnet is 
capable of receiving a temporary induction of a contrary 
magnetism from the action of a more powerful one, its 
north pole becoming a south pole, on the approach of a 
stronger north pole ; but the original south pole still re- 
tains its situation at the opposite end, and restores the 
magnet nearly to its original condition, after the removal 
of the disturbing cause. 
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To explain the pheuomena of magnetism, JBpinus sug- 
gested the following hypothesis. He imagined that there 
must exist a fluid capable of producing all the phenomena 
of attraction and repulsion, and with a subtilty so great, 
as to penetrate the pores of all bodies ; and also of ap 
elastic nature, its particles being repulsive of each other. 
At the same time he imagined a mutual attraction between 
the magnetic fluid and iron, or other ferruginous bodies. 
According to this hypothesis, iron and all ferruginous sub- 
stances, contain a quantity of magnetic fluid, ^icb is 
equally dispersed through their substance, when those 
bodies are not magnetic ; in - which state they show no 
attraction or repulsion towards each other, because the 
repulsion between the particles of the magnetic fluid is 
balanced by the attraction between the matter of those 
bodies and the said fluid, in which case, those bodies are 
said to be in a natural state; but, when in a ferruginous 
body, the quantity .of magnetic fluid belonging to it is 
driven to one end, then the body becomes magnetic, one 
extremity of it being now overcharged with maghetisin, and 
the other extremity undercharged. Bodies thus modified, 
or rendered magnetic, exert a repulsion between their 
overcharged extremities, in virtue of the repulsion be- 
tween the particles of that excess of magnetic fluid, which 
is more; than overbalanced by the attraction of their mat- 
ter. There is an attraction exerted between the over- 
cha:rged extremity of one magnetic body, and the under- 
charged extremity of the other, on account of the attrac- 
tion between that fluid and the matter of the body ; but 
to explain the repulsion which takes place between their 
undercharged extremities, we Inust either imagine that 
the matter of ferruginous bodies^ deprived of its mag-' 
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netic fluid, must be repulsive of its own particles, or that 
the undercharged extremities appear to repel each other, 
only because either of them attracts the opposite dver^ 
charged extremities; both which suppositions are embar- 
rassed with difficulties. A ferruginous body, therefore, is 
rendered magnetic by having the equable diffusion of mag- 
netic fluid throughout its substance disturbed, so as to have 
an overplus of it in one or more parts, and a deficiency of 
it in the remainder, and it remains tnagnetic as long as its 
impemiieability preventis the restoration of the balance be- 
tween the overcharged and undercharged parts. 

The distinction between conductors and non-conductors 
is with respect to the electric fluid, irregular and intricate: 
but in magnetism, the softness or hardness of a ferruginous 
body constitutes the main distinction. And it is well 
known that magnetic effects are produced by quantities of 
iron, incapable of being detected either by their weight or 
the most delicate chemical tests. M. Cavallo found that 
a few particles of steel, adhering to a hone, on which the 
point of a needle was slightly rubbed, imparted to it 
magnetic properties ; and M. Coulomb has observed that 
there are scarcely any bodies in nature which do not exhibit 
some marks of being subjected to the influence of magnet- 
ism, although its force is always proportional to the quao* 
tity of iron which they contain, as far as that quantity can 
be ascertained. Dr. Young considers a single grain suffi- 
cient to make twenty pounds of another metal sensibly 
magnetic. 

The loadstone^ or natural magnet, is a heavy iron ore, 
and is found in large masses in every quarter of the globe.* 

* The loadstone was originally called lapis Heracleus, from Heraclea, 
a city of Magnesia^ a part of the ancient Lydia ; where it is said to 
have been first founds and from which it is usually supposed to have 
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Tliree very large loadstones have lately been brought 
from Moscow to this country, and an account of them teai 
before the Wemerian Society, by Mr. Deucbar. The 
largest of these natural magnets weighs more than ISSlbs., 
and measures in length 10| inches, in breadth- 8^, and in 
height 9i inches. When £rst examined, it supported 
1631bs. ; but, by gradually increasing the weight, it was 
afterwards brought to support 1651bs., exclusive of a crni- 
necting iron and supports of 401bs. The weight of the 
second loadstone had not been taken previous to fitting on 
the armature, but it was supposed to be nearly half that 
of the large one, and it supported above SOlbs. These 
natural ma^ets were brought to this country in the same 
vessel, and it appeared probable that the corresponding 
poles had been placed together, as those of the weakest had 
been reversed. 

A mode of protecting and increasing the power of na- 
tural magnets is sometimes resorted to — they are then said 
to be armed. 



A A represents a magnet thus contrived, and A F the 
armature or pieces of iron, the projections for which are at 
F P, and to which the central piece of iron D, is made to 

taken iu name ; though othen dtnve the word from a shepherd nanied 

Magnes, who discovered it by the iron of his crook on MaunI Ida. 

e2 



244 ARTIFICIAL MAGN£TS. . 

adhere. The dotted Mne represents a brass box, having a 
ring O, at its upper part, by which the armed magnet may 
be suspended. Thus the two poles of the magnet which 
are at F and F, are made to act on every part alike, and 
the straight piece of iron D, may be conveniently applied 
for supporting a weight. 

There are some important circumstances which require 
attention, in order to enable us to ascertain the best me- 
thod of constructing artificial magnets. 

The nature of the body must be adapted to the power 
which is to render it magnetic ; remembering, that soft 
ferruginous bodies both aoquire and lose magnetism more 
easily than those which are harder. 

Several magnets are much preferable to a single one, for 
the purpose of communicating magnetism ; in the applica- 
tion of which it must be remembered that the south pole 
of the magnet produces a north pole in the part of the fer- 
ruginous body to which it is first applied, while the north 
pole of the magnet produces a south pole. 

If it were required to construct a strong magnet, when 
the operator has either no magnet at all, or a very weak one, 
he must proceed gradually. It being impossible for a hard 
and large steel bar to receive any sensible degree of mag- 
netism from the action of the earth, or of any other weak 
magnet ; the operator must begin with giving magnetism 
to several small and soft steel bars, impregnating one at a 
time by means of the weak magnet, or, if he have no mag- 
net, by means of one or more iron rods properly situated, 
which in that case are real, though weak magnets. Then, 
by joining in a proper manner the small, steel bars already 
made magnetic, he may communicate a stronger power to 
larger and harder steel bars. 

Mr. MichelFs method of making magnets may be thus 
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described : prepare a dozen bars of steel, of about 1| ounce 
weight each, six inches long, and half an inch broad : let 
these be hardened by immersion into water at a red heat, 
i^be oize and shape of the bars may be varied at pleasure, 
pnovided that. the length be proportioned to the thickness. 
The best sort of steel is that which has no veins of iron In 
it, and Mr. Michell found the common blistered steel at 
least equal to any other. In order to preserve the bars, 
they must be placed in a box furnished with two pieces of 
iron, about an inch long each. These pieces of iron may 
be about a quarter of an inch square, and should be filed 
perfectly smooth on the sides. Against these are to be 
fdaced, with their edges towards them, the twelve mag^ 
netical bars, six on one side^ with their south, or north 
poles one way, and six on t|ie other side, with the same 
poles the contrary way. It is necessary to observe that 
these bars must neither be taken but, nor put in, all, or too 
many, on a side at once ; for if two only be left, with their 
poles of the same denomination the same way, without one 
or more on the other side, ' to counterbalance their effects, 
they will injure each other. In order to make the marked 
ends of these' bars south poles, and the « other ends north 
poles, place six of them in a line north and south, brings 
ing the unmarked end of one, to touch the marked end of 
the next throughout ; the marked ends lying towards the 
north, which will be some advantage to them. Then take 
an armed magnet, and placing it with both poles upon one 
of the bars, the north pole towards the marked end, which 
is to be a south pole, and the south pole towards the un- 
marked end, which is to be a north pole, slide it backwards 
and forwards from end to end of the whole line of bars 
three or four times, taking care that they all touchy Then 
taking it off, remove the two endmost bars into the middle, 
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and pass over them again three or four times. Having 
thus touched the bars, it will not be improper to turn them 
with the other side uppermost, and to magnetise again on 
that side as before, omitting the endmost bars, till theji 
are removed into the middle, when they must undergo the 
same process. 

Professor Steinhauser has ascertained, that if by the 
process of Canton, we unite, in the form of a square, two 
steel bars, and two contacts of iron, it is better to operate 
by the double touch in a circle, than by a motion back- 
wards and forwards. Again, when we combine these bars 
in a square, the force of that which we wish to magnetise, 
ought to increase in proportion as the other magnet has 
become more energetic. In magnetising horse-shoe mag- 
nets, it is much more advantageous to place two of these 
bent bars, with their friendly poles so situated, as that the 
magnetic circle be completed; and that we should then 
touch circularly, with the magnet destined to communicate 
the power. When the two horse-shoe bars are separated, 
they lose usually a considerable part of their force, if we 
do not previously decompose the great circuit into two 
smaller ones, by applying each contact to its curved mag- 
net before the separation. In this way, the two separated 
magnets lose little or nothing of their power; and two 
may be touched in the same time that one is on the usual 
plan. By conforming to these rules. Professor Steinhauser 
has succeeded in making magnets of extraordinary power, 
in the least possible time. 




Among artificial magnets, those which are bent into a form 
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resembling the diagram on the preceding page, so that the 
two ends neariy meet, and therefore called horse-shoe mag- 
nets, are reckoned the most powerful. To render su<;h a 
shaped piece magnetic, place a pair of magnetised bars 
against the ends of the horse-shoe, with the south end of 
the bar'against that of the horse-shoe which is intended to 
be north, and the north end of the bar to that which is to 
be the south ; the lifter, of soft iron, to be placed at the 
other end of the bars. Also rub the surfaces of the horse- 
shoe with the pair of bars disposed like the legs of com- 
passes when a little open, or with another horse-shoe mag- 
net, turning the poles properly to those of the proposed 
magnet ; and being careful that these bars never touch the 
ends of the straight bars. To prevent a sudden separation 
of the bars from the horse-shoe, which would considerably 
diminish the force of the latter, slide on the lifter, or sup. 
port, to the end of the horse-shoe magnet, but in such a 
manner that it may not touch the bars; they may then be 
t^ken away, and the support slid to its place. 

The power of a magnet, and of iron or steel impreg- 
nated with the magnetic virtue, may be impaired by long 
lying in a wrong position, with regard to the earth or with 
respect to each other. Thus, if two magnets be placed so, 
that their contrary poles may be contiguous, they will pre- 
sage one another's power ; but if the north pole of one be 
placed near the north pole of the other, and the south near 
the south, then they will entirely destroy, or diminish each 
other's magnetism ; and if their original powers wefre very 
unequal, the polarity of the weaker magnet will be changed 
by the action of the stronger one. 

In general, the same means which facilitate the commu- 
nication of magnetism, when pieces of iron, &c. are properly 
situated with respect to the poles of the earth, or of other 
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magnets, will likewise facilitate the loss of magnetism, when 
the njagnets are improperly situated ; thus, a red heat 
destroys in a great measure, or entirely, the power of a 
magnet. A steel bar, strongly magnetic, will have its 
power much diminished by being repeatedly struck be- 
tween two stones, especially if it be struck standing in a 
direction perpendicular to the magnetic meridian. A bar 
of hard iron, which has acquired some degree of permanent 
magnetism, by being made red-hot, and then cooled in the 
direction of the raagnetical line, will have that power de- 
stroyed, or much diminished, by a few blows on its middle.* 
The directive power of a magnet is extended to a greater 
distance than its attractive power ; for instance, if a mag- 
net be freely suspended, another magnet properly situated 
within a certain distance* of the former, will turn it out of 
its ordinary direction ; yet the degree of attraction exerted 
by these nlagnets against each other, is not sensible at that 
distance ; which may be easily tried, by fixing one of the 
magnets to the scale of a balance. The reason of this pro^ 
perty is, that the directive power depends both upon the 
attraction of the poles of different names, and on the re^ 
pulsion of those of the same name ; whereas the attraction 
takes place only between poles of different names. In or- 
der to render this view of the matter-more intelligible, we 
may imagine a magnetic needle freely suspended, and 
placed within the influence^ or sphere of action of a mag- 
net. In this disposition, suppose that the north pole of a 

* Some have imagined that iron or steel might be rendered heavier 
or lighter by magnetism. Whiston says that he found, by accural^ 
experiments with large needles, that after the touch they weighed less 
than before. One of 4584^ grains lost 2| grains' by the touchy and 
another of 65,7^6 grains, lost no less than 14 grains. It appears, how- 
ever, tolerably evident, that the vicinity of iron, or of some oihtt ferru-^ 
ginous body, must have produced the change. 
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magnet attracts the south pole of a magnetic needle with a 
force equal to ten grains, and, as the attraction between 
poles of different names is nearly equal to the repulsion be- 
tween poles of the same name, it follows^ that the same north 
pole of th^^magnet repels the north pole of the magnetic 
needle with a force * equal to ten grains : but these two 
forces both concur in altering the direction of the needle ; 
therefore, the endeavour of the magnet to turn the needless 
direction is equal to twenty grains ; whereas the attraction, 
or the force by which the needle is drawn towards the 
magnet, is only equal to the difference between the two 
above-mentioned opposite forces, which difference arises 
from the polcxof the magnet being nearer to one than to the 
other of the poles of the needle. The same reasoning may 
be applied to the action between the south pole of the mag. 
net and the suspended needle. 

Mr. Scoresby has invented a very useful piece of appa- 
ratus called a magnetimeter. This instrument consists of 
a small table of brass, about 4 inches i^quare, and 3 inches 
bigh, having a plate of brass attached to it by hinges, and 
moveable by means of a wheel and pinion, through an arc 
of ^0'' of a vertical circle. This plate has a small straight 
groove running from end to end, for the purpose of re- 
ceiving bars of metal, the polarity of which is to be deter- 
mined. These bars are readily fixed to the plate, by being 
slipped through a circular aperture in the end of a spring, 
which, perf(n*ating the moveable plate, is marked by a gra- 
duated circle, screwed on the side of the table. On the 
brass table is placed a moveable flat plate of brass^ divided 
into degrees, and furnished with a magnetic needle with an 
agate cap traveriang on a brass or steel point. The needle 
can be changed according to the nature of the circum- 
stances ; a very light and strongly magnetised one being 
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uaed in deHcate experimeDts. The oHopass, or plate car- 
rying the needle, being moTeable, its distance from the bar 
resting on the moveable plate, can be varied at pleasure. 
The centre of the hinge is one^tenth of an inch above the 
level of the table ; and the bars in use, being one^fourth of 
an inch in diameter, are sunk in the groove of the move- 
able plate to such a depth, that their axis, or centre, pre- 
cisely corresponds with the centre of the hinges; hence 
the middle of the extremity of each bar is at the same ele-* 
vation, and at the same distance from the needle in every 
position of the moveable limb. To give firmness to the 
instrument in making experiments, the table is fixed by 
the feet to a mass of lead, of seven or eight pounds weight. 
By means of this plate of lead, which has a screw at each 
comer, the whole apparatus is readily put into a horizon- 
tal portion. With this apparatus, Mr. Scoresby made a 
series of experiments, which are fully detailed in the Trans- 
actions of the Royal Society of Edinburgh, vol. 9th, and 
of which the following are the principal results. 

1. Iron bars become magnetical by position, except 
when placed in the plane of the magnetic equator; the 
upper end, as regards the position of the magnetic equator, 
becoming a south pole, and the lower extremity a north 
pole. 

S. No attraction or repulsion appears between a magnet- 
ised needle and iron bars ; the latter being free from perma- 
nent magnetism, whenever the iron is in the plane of ^he 
magnetic equator ; consequently, by measuring the angle 
of non-attraction, in a bar placed north and south, we dis- 
cover the magnetic dip. 

3. Before a magnet can attract iron, that is totally free 
from both permanent magnetism and that of opposition, it 
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infuses into the iron a magnetism of contrary polarity to 
that of the attracting pole. 

4. A bar of soft iron, held in any position, except in the 
plane of the magnetic equator, may be rendered magnetical 
by a blow with a hammer, or other hard substance; in 
such cases, the magnetism of position seems to be fixed in 
it« so as to give it a permanent polarity. 

5. An iron bar, with permanent polarity, when placed 
any where in the plane of the magnetic equator, may be 
deprived of its magnetism by a blow. 

, 6. Iron is rendered magnetical if scoured or filed, bent 
or twisted, when in the position of the magnetic axis, or 
near this position ; the upper end becoming a south pole,- 
and the lower end a north pole ; but the magnetism is de- 
stroyed by the same means, if the bar be held in the planed 
of the magnetic equator. 

7. Iron heated to redness, and quenched in water, in a' 
vertical position, becomes magnetic ; the upper end gain- 
ing south polarity, and the lower end north. 

8. Hot iron receives more magnetism of position than 
the same when cold. 

9. A bar-magnet, if hammered when in a vertical posi- 
tion, or in the position of the magnetic axis, has its power 
increased, if the south pole be upward, and loses some of 
its magnetism if the north end be upward. 

10. A bar of soft steel, without magnetic virtue, has its 
magnetism of position fixed in it, by hammering it when in 
a vertical position ; and loses its magnetism by being 
struck when in the plane of the magnetic equator. 

11. An electrioal discharge, made to pass through a bar 
of iron, devoid of magnetism, when nearly in the position 
of the magnetic axis, renders the bar magnetic ; the upper 
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end 4)ecoiiiiiig a south pole, and the lower end a north 
pole ; but the discharge does not produce any polarity if 
the iron be placed in the plane of the magnetic equatw. 
The efTectB appear to be the same, whether the discharge 
be made on the lower or upper end of the bar, or whether 
it be passed longitudinally or transversely through the 
iron. 

The action of light on ferruginous bodies is, under pe- 
culiar circumstances, capable of producing magnetism. 

Morichini and Cosimo Ridolft, two ingenious Italian 
philosophers, were the 6rst to call public attention to the 
fact, for they found that small steel needles acquired mag- 
netism, by being placed in the vifdet ray of a spectrum, 
produced by the decomposition of white light. Mrs. So- 
merrille has, however, gone' further than the Continental 
philosopbcrsj for she proved that the magnetising power 
was not confined to the one coloured ray, but tbat nearly 
the whole series were capable of producing this singular 
effect. 

The application of magnetism to tiantical purposes must 
now he noticed. The history of the compass is involved 



1 much obscurity, as the Chinese appear to have possessed 
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this important instrument long prior to its use in Europe. 
The appairatus consists of a moveable magnet or needle, 
usually supported on a steel point, which occupies the axis 
<^ a cylindrical case, called the compass box» as is shown in 
the preceding page. For this purpose, there is formect in 
'the needle itself, a cap or hollow conical centre of brass, 
or agate, on which it rests, and to this is attached the com* 
pass card. The tendency of the needle to be disturbed by 
agitation, will greatly depend upon the position of the ver- 
tex of the conical cavity. It is necessary that it should be 
above the centre of gravity ; but this distance must be so 
small, as that the libration of the needle when one end is 
depressed, should be very slow, and yet speedy enough to 
recover the horizontal position. In fact, the who)^ of the 
steadiness of the compass and its box appears to dqsend on 
the principle of slow vibration. For,- if a needle perform 
its vertical vibration in eight seconds, it will be v^ry little 
disturbed by an alternate action that lasts but |i second 
or twa 

. It is commonly imagined that the agitation of the com- 
pass is communicated by friction at the points or edges of 
suspension, and the compass-maker has accordingly exerted 
his ingenuity to diminish this friction, by contrivances 
similar to that of a conical cap balanced on a point, and it^ 
self affording another point to sup{k>rt the needle. But it 
may be readily proved by experiment, that the greatest 
disturbance of the needle is produced by the quantity of 
horizontal progressive ^lotion, and not by the ipere inclina- 
tion or angular motion. A compass-needle supported on a 
simple point, will suffer very little agitation from any an- 
gular motion, or moderate deviation from perpendicularity 
in the pin ; but it will instantly begin to vibrate if moved, 
horizontally. Thus the common experiment of tilting the 
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compass-box in all positions, while its centre remains im- 
moveable, is fallacious. 

It appears, therefore, that the steadiness of a needle 
which vibrates slowly, is the consequence not only of the 
length of time it allows for alternate actions to operate, 
and destroy each other; but also of the diifBculty with 
which it yields to such impressions. If the centres of sus- 
pension and of gravity in the needle were coincident, no 
angular motion would be produced by any action of the 
pin, excepting by the effects of friction ; and the angular 
motion produced in other cases wiU be less, the shorter the 
distance between these two centres, or the lever by which 
it is propagated. 

The simple suspension of the needle on a point, has 
been applied to the compass-box, for which it is little 
suited, not only because of the wear upon so small a sur- 
face, but also because it admits the box to traverse hori- 
zontally; an effect, which is inconvenient, and cannot be 
remedied by any means not calculated in some respect to 
increase the effects of agitation. The method most gene- 
rally employed, and in fact, the one best adapted to the 
purpose, consists in employing gimbals.. 

This well-known contrivance consists of a hoop sup- 
ported upon two pins diametrically opposite each other, 
and issuing from the external surface of the ring in such a 
direction that both lie in the same diameter line.. When 
the hoop is suspended on these pins, it is at liberty to turn 
freely round the diameter of which they constitute the 
prolongation. The notches or holes of support are dis- 
posed horizontally. The compass-box itself is placed in a 
similar ring, with two projecting pivots ; and these pivots 
are inserted in h6les made in the former ring at an equal 
distance from each of its pivots. If, therefore, we suppose 
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the whole to be left at liberty, the compass-box may vi- 
brate upon the diametral line of the outer ring, and also 
upon a line formed by its own pivots, at right angles to 
that diametral line. The consequence of this arrange- 
ment is, that the centre of gravity of the cotnpass-box wiU 
dispose itself immediately beneath the intersection of both 
lines on which it is at liberty to move : — ^that is to say, if 
the weight of the box or its parts be properly disposed, 
the compass will assume a position in which its upper sur- 
face shall be horizontal. 

The same principles which were applied to the single 
centre. of the magnetic needle will also apply to the axis of 
the gimbals. If the centre of gravity of the compass-box 
be so placed with respect to either axis as that its vibra- 
tions shall be quick, every horizontal action will greatly 
disturb it, and it will not speedily settle. The most fa- 
vourable position of the pivots or edges of support in the 
gimbals will be when they all lie in the same plane; and 
the centre pf gravity of the compass-box is very little be- 
low that plane.* / 

* The following valuable results relative to the best mode of coiir 
structing the compass-needle^ form part of au admirable paper, by 
Captain Kater^ inserted in the Transactions of the Royal Society. 
l.That the best material for compass-needles is clock-spring ; but care 
must be taken, in forming the needle^ to expose it as seldom as pos- 
sible to heat, otherwise its capability of receiving magnetism will be 
much diminished. 2. That the best form for a compass-needle is the 
pierced rhombus, in the proportion of about five inches in length to. 
two inched in width, this form being susceptible of the greatest di- 
rective force. 3. That the best mode of tempering is, first to harden 
the needle at a red heat, and then to soften it from the middle to 
about an inch from each extremity, by exposing it to heat sufficient 
to cause the blue colour which arises, again to disappear. 4. That in 
the same plate of steel of the size of a few square inches only, por-. 
tions are found varying considerably in their capability of receiving 
magnetism, though not apparently differing in any other respect. 
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The azimuth compass nearly resembles the instrument 
already described. The principal difference consists in the 
adaptation to it of two sights, through which the sun, or a 
star may be seen, lO find its azimuth, and thence to ascer- 
tain the declination of the needle at the place of observa^ 
tion. These sights are upright pieces of brass, placed 
opposite each other ; in one of them is an oblong aperture, 
with a thread or slender wire stretched down the middle of 
it : the other sight contains only a narrow slit, of the same 
length, consequently, the thread in the one sight is just 
opposite the space in the other, and the observer knows 
when he looks through them centrally. The ring of the 
gimbals rests with its pivots on a semicircle, the foot of 
which turns in a socket, so that, without moving its exter- 
nal box, the compass may be turned round, in order to 
place the sights in the direction of the sun, star, or other 

5. That polishing the needle has no effect on its magnetism. 6. That 
the best mode of communicfiting magnetism to a needle, appears to 
be by placing it in the magnetic meridian^ joining the opposite poles 
of a pair of bar magnets, (the magnets being in the same line,) and 
laying the magnets so joined, flat upon the needle, with their poles 
upon its centre; then having elevated the distant extremities of the 
magnets, so that they may form an angle of about two or three de- 
grees with the needle, they are to be drawn from the centre of th^ 
needle to the extremities, carefully preserving the same inclination, 
and having joined the poles of the magnets at a distance from the 
needle, the operation is to be repeated ten or twelve times on each sur- 
face. 7* That in needles from five to eight inches in length, their 
weights being equal, the directive forces are nearly as the lengths. 

8. That the directive force does not depend upon extent of surface, 
but, in needles of nearly the same length and form, is as the mas^ 

9. That the deviation of a compass-needle, occasioned by the attrac- 
tion of soft iron, depends, as Mr. Barlow has advanced, on extent of 
surface, and is wholly independent of the mass, except a certain thick- 
ness of the iron, amounting to about two-tenths of an inch, which is 
requisite for the complete developement of its attractive energy. 
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object to be viewed. This instrument is used to take the 
bearings of headlands, ships, and other distant objects. 

Lieutenant LiUlewort has contrived a method, by which 
the ordinary hanging compass may be ^converted into an 
azimuth compass, so that merchant vessels may have the 
benefit of this important instrument, with which they are 
seldom supplied. The handle by which the compass is 
suspended to the roof of the cabin is capable of being in- 
verted, and of supporting the compass, by sliding in a 
. groove made in a box, which box is capable of motion on a 
central pin fixed in the board on which the box stands; 
moveable sights and a stop are also annexed, to enable it to 
' act when required as an azimuth compass.''^ 

Mr. W^es, who accompanied Captain Cook in his se- 
cond voyage, appears to have been the first person who ob- 
served the effects of the iron employed in ship building, 
upon the action of the magnetic needle. This subject was 
further investigated by Captain Flinders, who, in his sur- 
vey of the coast of New Holland, succeeded in applying a 
correction for the use of his own vessel. 

From an account of the survey, published some time 
after this navigator's return, it appeared that in Captain ' 
Flinder^s vessel, and, indeed, in every ship, a compass 
would differ very materially from itself, in being removed 
from the head to the stem. This was found to arise from 
the iron which surrounds the compass becoming magnetic, 
and its entire attractive force is thus concentrated into one 
powerful focus. Of this, the principal south pole is situ- 
ated near the middle of the upper deck. This focus of 
attraction so influences the compass-needle, that it is sub- 

* A figure and description of this compass, will he found io the 
Transactions of the Society of Arts, vol. xi. p. 70. 

VOL. II. s 
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ject to a considerable variation from the true meridian^ dif- 
ferent from what is obsenred bj a compass on shore ; the 
north point of the compass being constantly drawn to- 
wards the fooQS in our faemiqpbeie, and. the south pomt in 
the opposite hemisphere. 

With these facts in view, Professor Barlow commenced a 
series of experiments to remedy the defective apparatus. 
Having procured a solid iron baU, thirteen inches in 
diameter, he found, on placing the compass above it, that 
tlie north end of the needle was attracted by the upper 
part of the ball ; that when placed below the ball, the south 
end was attracted ; and that when the needle was raised or 
depressed in any vertical around the ball, it always passed 
through a point in which both attractions became neutra- 
lized. The next step in his investigation was to ascertain 
whether these points of no attraction were all in the same 
plane ; and if so, to determine correctly its inclination to 
the horizon, — ^since it had faeoome obvious from the care, 
with which the trials had been made, that it was not paral- 
lel to it. This question was soon decided : by a series of 
experiments it was demonstrated that the points were all 
in the same plane, and that the inclination of the plane it- 
self to the horizon was about SO*', declining directly from 
the magnetic north point to the south, approaching very 
nearly to the compliment ct the dip of the needle. This 
circle, Mr. Bartow now traced on his iron ball, assuming as 
its principal axis the direction of the dipping needle ; and, 
imagining circles of latitude and longitude to be described 
around the whole ball, he had thus an ideal magnetic 
spheroi which would readily indicate the relative position <^ 
the iron and the compass in his subsequent experiments. 
The annexed diagram on the following page, will enable 
the reader to form a correct idea of the nature and pro- 
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perties of this magnetic sphere. Here O is supposed to re- 
present an iron ball, and A, A, A, a sphere circumscrib- 
ing it, and within which its influence is active; S, N, 
being in the magnetic meridian. The line N S, in the 
pJane S, E., N, W, denotes the natural direction of the 
dipping needle, in those latitudes where its inclination to 
the horizon is about 70i^ Now, conceiving Q, E, Q', W, 
to represent a plane, passing through the centre of the ball> 
and being perpendicular to the axis N S, it will be the 
plane of no attractioriy which has this remarkable property, 
that if lines be drawn in it, (as for example, the lines O C, 
O, C\ O C", &c.) and a compass be placed any where in 
those Knes, or indeed in any point of the plane Q, E, 
Q', W, it will be uninfluenced by the iron ball, and will 
preserve its natural magnetic direction. 

As soon, however, as the compass is removed out of this 
plane, the needle is found to deviate from its original bear- 
ing — its south end being aittracted towards the ball when 
the needle is below the plane, and its north end when it is 
above ; and in every case the deviation follo^'^s a deter- 
minate law, so that the amount being given in any one 
case, it may be ascertained for all others. 

Suppose, for example, any two other planes, passing 

s 2 
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through the centre of the ball, each being perpendicular to 
Q, E, Q^ W, of which kt M, O, S, L, represent quadrants ; 
then supposing a compass placed in each of these planes, 
at equal distances from the centrcf, at L, we shall have 
M L, for the latitude, and E M, E M', for the longi- 
tude of position of those points; then will the following 
proportion express the law in question: — The tangent 
of the deviation of the compass at L, is to the tangent of 
the deviation of the compass at L', as the rectangle of the 
sine of S L M + cosine E M, to the rectangle of the sine of 
^la'Mf + cosine of E M > E, being the east point of the 
horizon. 

Pursuing this inquiry, Mr. Barlow next ascertained by a 
series of experiments, the law of attraction at different dis- 
tances of the compass from the iron ball ; and which he 
^thus states: — That while the position as to latitude and 
longitude is the same, the tangents of the angles of deviation 
are reciprocally proportional to the cubes of the distances. 

Still, however, there remained an important question to 
be solved, viz. — When the position and distance are the 
same, what is the law of deviation as it respects the mass 
of the attracting body ? And here a most unexpected re- 
sult was obtained. From the first experiments, which were 
made with a solid iron ball of ten inches in diameter, it 
appeared, as Mri Barlow seems to have anticipated, thcU 
the tangents of the deviations are proportioned to the cubes 
of the diameters, all other things being the same ; but hap- 
pening at this time to make trial of an iron wheel of the 
sam^ diameter as the ball, but only three-fourths of its 
weight, he was not a little surprised to find the results in 
both cases the same. " In fact,^ he remarks, ^^ it appeared 
that the power of attraction resided wholly on the surface, 
and was independent of the massJ^ 
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Before it was discovered that the power of an attracting . 
body resides in its surface, Mr. Barlow had anticipated a 
great impediment in the way of final success, arising from 
the hiass of iron which he considered as necessary to pro- 
duce the desired eifiect . It now, however, readily occurred 
to him that, as surface is the principal thing to be attended 
to, a light, globular shell of iron, or a simple circular plate 
of the same metal, would be amply sufficient for the pur- 
pose. A plate of this de^ription was accordingly tried ; it 
was fifteen inches in diameter, and weighed only 41bs. 
13oz. With this plate Mr. Barlow repeated the series of 
experiments that had been made with the ball, and had the 
satisfaction of finding that its power was far greater than 
would be requisite for doubling the effect of the guns of 
any vessel in the navy, although applied to the exterior of 
the binnacle, and fifteen inches distant from the pivot of 
the needle. The precise situation for this correcting plate 
is, of course, a matter of essential importance, and cannot 
be fixed on until the local attraction of the vessel has been 
ascertained. This is effected in the following manner : — 
The ship being so moored as to admit of her head being 
directed to each point of the compass successively, and 
there steadied whilst the bearing of as remote an object as 
can faie found is taken, it will then be found that the bear- 
ings thus taken vary from each other, according to the at- 
tractiye power of the vessel, sometimes as much as 28°, 
which difference is caused by the iron of the ship drawing 
the needle from its proper direction to the eastward with 
the ship^s head east, and to the westward with the head to 
the west. It will also be found that two of the bearings 
taken at opposite points of the compass, nearly agree with 
each other, and the mean of these is to be taken as the 
true magnetic bearing of the object. By these points, abo. 
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will be indicated the line of no attraction in the vefisel^ which 
in general 10 found to be nearly fore and aft, and in this 
line the plate is ultimately to be placed. This being ac- 
complished) a pedestal or oompass-stand is then taken a- 
shore, and by trying different aituatioos for it, and tondsg 
it about till the same deviations are produced by the plate 
at each point, as had been observed in the vessel. But 
this process, which is very troublesome, is now rendered 
unnecessary, the end being much more readily accomplish- 
ed by means of a printed table, which is given with the 
ccMTecting plate ; and which comprises a series of attrac- 
tions obtained by the plate, including all possible limits for 
every class of vessels. Corresponding to each degree of 
local attraction are given two numbers, the one indica- 
ting the distance of the centre of the plate below the pivot 
of the needle, and the other its distance from the centre 
line of the pedestal, and at this depth and distance the plate 
must be fixed, either fore or aft the compass ; if the former, 
the effect of the vessel will be exactly doubled*— and if the 
latter, it will be neutralized. When the plate is apfdiedin 
front, which is reckoned preferable in southern voyages, it 
is not a fixture, but is kppUed at pleasure; but when 
placed behind, as recommended in northern voyages, where 
the disturbance from local attraction is very considerable, 
it is fixed in its place during the voyage, and the needle is 
thus left free to obey the influence of the magnetic power 
of the earth only. 

It now remains to give some account of the plate itself. 
The plate employed by Mr. Barlow in his experiments, as 
well as those which he sent out by Captains Parry and Sa- 
bine, consisted of two circular pieces of sheet iron, weigh- 
ing about Slbs. per square foot, screwed together in such a 
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manner as to combine any strong irregular power of 
one plate, with a corresponding weak 
part on the other, by which means a 
more tmiform attraction is produced; 
he is, however, of opinion that a single 
plate of iron, weighing about Kbs. per 
square foot, would answer the purpofe 
equally well. In diameter the plate 
may vary from twelve to sixteen inches, 
according to the power of the vessel. 
When the plate is made double, there 
is a circular board of the same size in- 
serted between the iron discs, for the 
purpose of increasing the thickness, 
without adding much to the weight. 
The two plates thus separated are 
found to be more powerful than either 
a single plate, or two plates in immediate contact. The 
plates are perforated in the centre, and through this open- 
ing is passed a brass socket with a broad head, and having 
an exteridr screw and nut, by which the two iron plates, 
and the interposed plate of wood, are compressed together. 
The accompanying figure represents the brass pin, socket, 
plate, pedestal, and compass, combined, as in action on 
ship-board. 

Mr. Barlow, in the prosecution of his magnetical experi- 
ments, discovered a curious property in ferruginous bodies, 
which deserves to be recorded. Mr. Barlow's first object 
appears to have been to determine the relative magnetic 
power of different kinds of iron and steel on the* needle, 
anid his results, as connected with this determination, are as 
follow:— viz. 
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Malleable iron • .100 Shear-steel, soft . . . 66 

CasUsteel, soft ... 74' Ditto, hard ... 53 

Blistered-steel, soft . 67 Blistered-steel, hard . . 63 

Cast-steely hard 49 Cast-iron . . . ' . 84 

— ^that the above numbers express the relative powers of 
these diiFerent metals in deflecting a magnetised needle 
from its natural direction. Seeing that the hardest iron 
and steel had the least power, Mr. Barlow was next desi- 
rous of ascertaining what this comparative power might be 
when heated in a furnace, and while each of the different 
specimens were thus rendered soft. 

The results of these experiments are not so uniform as in 
the preceding. It is remarkable, however, that the mal- 
leable iron, which has by far the greatest power when cold, 
has the least of any when heated ; and that the cast-iron, 
which is the least powerful when cold^ is the strongest 
when hot ; the increase of strength in the latter case being 
nearly as 3 to 1. 

It was also observed, that between the white heat of the 
iron, (when every species of magnetic action disappears), 
and the blood-red heat, (when the power manifests itself 
strongly), there was an intermediate action, which at- 
tracted the needle the contrary way when cold, or at the 
blood-red heat ; that is, if the iron and compass are so por 
sited that the north end of the needle is attracted towards 
the iron when cold, the south end will be attracted when 
the iron is red-hot, and vice versa ; but as the red changes 
to the darkest shades of blood-red, the usual power of the 
iron commences, and the needle is deflected the contrary 
way. Moreover, this negative attraction is least in those 
positions where the natural cold attraction is the greatest, 
and greatest where the latter is the least, and greatest of all 
in that position where the cold attraction is zero ; that is. 
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in the plane of no attriaction, provided (of course) the nee- 
dle is^sufficiently near to the bar. The bars used in the 
experiments were twenty-fiye inches in length, one inch and 
a quarter square, inclined in the portion of the dipping- 
needle ; the distance varying from five to. nine inches ; but 
the nearer to the bar, the more obvious are the effects. Iti 
some of the experiments, the quantity of negative attrac- 
tion exceeded 60°. 

It appears from a curious paper, by Mr. Fisher, on the 
errors in longitude as determined by chronometers at sea, 
that a sudden alteration takes place in their rate when 
taken on ship-board, an effect which has been generally as- 
cribed to the motion of the vessel. He. ascribes the accel- 
leration which takes place, to the ^^ magnetic action exerted 
by the iron in the ship, oh the inner rim of the balance, 
which is made of steel ;^^ and in proof of this, he found that 
analogous effects took place in chronometers when under 
the influence of magnets placed in different positions with 
respect to their balances. "Upon the whole,^ says Mr. 
Fisher, "it appears that chronometers will be generally 
accelerated (particularly if their balances have received 
polarity by the too near approach of any thing magnetical) 
on ship-board. It appears probable, likewise, that the 
force of the balance-springs is affected in the . same, way, 
»nce it is well known that chronometers having gold ba- 
lance springs, although more difficult to adjust, yet keep 
better rates at sea than others.* 

< If the magnetic poles. always agreed with the astronomi- 
cal poles of the.globe, the compass-needle must of necessity 
point due north and south in every part of the earth. This 
however, is not the fact, as the needle is found to vary con- 

* Philosophical Transactions^ 1820. 
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siderably 9 not only after the lapee of ages, but alao at stated 
periods, widiin a few hours of its maximum in either di- 
rection. In other words, the magnetic meridian, and the 
real meridian, sddom coincide. The angle which they 
make is called the angle of declination, and this is aa£d to 
be east or we$t according as the north pole of the needle is 
eastward or westward cf the true meridian of the place. 

From the minuteness of the daily variation, and the ex- 
treme difficulty of measuring it^ excepting with the' nicest 
instruments, its laws, and consequently its cause, are stiU 
undiscovered. It occurred to Mr. Barlow, that this devia- 
tion might be increased, both in the horizontal and the dip- 
ping needle, to between three and four degrees, by reducing 
the directive power of the needle, by means of one or two 
magnets, so disposed, as to balance, at least in part, the ter- 
restrial influence. Mr. Barlow used a delicate needle, 
eight inches and a half long ; and, by means of two mag- 
nets, he kept the needle balanced in different directions' of 
the compass; and in these different directions he observed 
the daily changes in its position. The following were the 
results for the horizontal needier 

When the N. end of the needle was directed to any 
point from the S. to N N W. its motion, during the fore- 
noon, is towards the left hand, advancing, therefore, to 
scHne point between the N N W. and N. When the N. 
end is directed towards any point between the N. and 
S S £., it passes to the right hand, advancing to some 
point between the N. and N N W. Hence, there ought to 
be some direction between these limits : viz. between the 
N. and N N W., and the S. and S S E., in which the daily 
motion is zero, or at least a minimum. Mr. Barlow like- 
wise concluded, that the daily change was not produced by 
a general deflection of the directive power of the earth, but 
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by an inofeoae aod decrease of attraction of some poiiit be« 
twiBen the N. and N N W., or between the S. and SS £. 

Having reduced the power of a dip|;Hng-needle nearly 
e^^ht times, by two magnets placed in the line of the dip, 
Mr. Barlow observed, that it passed suddenly one half- 
quarter degree to another, more or less, so as to give a dif- 
ference in the dip of one and a half in one day. 

A memoir was presented to the French National Insti- 
tute, by Humboldt and Biot, ^^ On the Variations: of the 
Terrestrial Magnetism in different Latitudes.^' These 
philosophers, having first determined the position of the 
magnetic equatcHr by direct observaticms, proved that the 
magnetic f<»ce must increase in proceeding from that equa- 
tor to the poles; and the same distinguished foreigners 
have given a mathematical hypothesis, which, when re* 
duced to a formula, accords with all the inclinations of die 
needle hitherto observed. 

As to the position of the magnetic equator, supposing it 
to be a great circle of the terrestrial sphere, an hypothesis 
which is conformable to observations: the inclination of 
this plane to the astronomical equator, is equal to l^'SOSS"^ 
of the decimal division, {l(f5S'5&^ of the common divi^ 
sion,) and its occidental node on that equator is at 183*3719° 
(ldO°g'5'0 lon^tude west from Paris, that is, a little be- 
yond the continent of America, near the Gall^gos, in the 
South Sea ; the other node is at 66-6281° (59°ST65") 
eastward of Paris, that is to say, in the Indian Seas. The 
points where the axis of the magnetic equator pierces the 
earth^s surface, are, the northern point at 87.7975° (79°1'4") 
ot north latitude, and at 33°3719'' (30°2'5'') of longitude 
west from Paris; the southern point is situated in the 
same latitude south, and 1666281° (149°67'55") of longi. 
tude east from Paris. It is remarkable that this deter- 
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mination of the magnetic equator agrees almost perfectly with 
that given half a century hack, by Wilke and Lemonnier. 

With respect to the intensity of the magnetic force in 
different parts of the earth, these philosophers have ascer- 
Udned that it varies in different latitudes; its increase 
proceeding from the equator towards the poles. The nee- 
dles of Humboldt^s compass, which, at his departure, gave 
at Paris S45 oscillations in ten minutes, gave no more in 
Peru than 21 1, and it constantly varied in the same direc- 
tion ; that is to say, the number of the oscillations always 
decreased by approaching the magnetic equator, and al- 
ways increased by advancing towards the north. The dif- 
ferences can neither be ascribed to a diminution of mag- 
netic force in the compass, nor to the effeicts of heat or of 
time ; for after three years residence in the warmest coun- 
tries of the earth, the same compass gave again in Mexico, 
oscillations as rapid as at Paris. 

There are some anomalies, however, occasioned by local 
causes. Thus Biot having, in the summer of 1804, carried 
to the Alps the magnetic neecQe employed in one of his 
previous aerial excursions, he found that its tendency to 
return to the magnetic meridian was constantly stronger in 
these mountains than it was' at Paris before his departure, 
and than it had been since his return. This needle, which 
made at Paris 83*9 oscillations in ten minutes of time, gave 
oscillations as below, at the places mentioned, in the same 
interval of ten minutes : viz. Paris, before departure, 
^3-9; Turin, 87'^; on Mount Genevre, 88*2; Grenoble, 
87-4; Lyons, 87*3 ; Geneva, 86*6 ; Dijon, 845; Parisj 
after his return, 83*9. It appears to result from these ob- 
servations, that the action of the Alps has a perceptible in- 
fluence on the intensity of the magnetic fprce- Humboldt 
observed analogous effects at the bottom of the Pyrenees, 
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for instance, at Perpignan. It is not improbable that they 
arose from the mass of these mountains, or the ferruginous 
matters containecl in them ; but whatever may be the cause, 
it is hence manifest that the general action of terrestrial 
magnetism is sensibly modified by local circumstances, the 
differences of which may be perceived in places very little 
distant from each other. 

If a common compass-needle be placed at the equator, it 
will be evident that the eartVs attractive power must be 
equal at either pole, and, consequently, that the needle 
will remain in equilibrio. Should the compass needle be 
, refaioved towards the north pole of the earth, the equili* 
brium will be immediately destroyed, and the south pole of 
the needle will then preponderate. It may hardly be neces- 
sary to add, that an effect exactly the reverse of this takes 
place when the needle is drawn towards the opposite pole. 
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The bar ipagnet ABC, will best explain the nature of 
this phenomenon, which is called the dip of the needle. 
The magnetized needle suspended over the equator B, is 
exactly parallel to the b^r, and would be so to the plane of 
the earth's horizon.; but if we suppose the needle thus ba- 
lanced to be placed over the north pole A, the south pole 
of the needle, will dip towards it. Should we remove the 
needle still further, and place.it exactly over the pole, it 
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will ammge itodf perpendicular to the fiane of the 
zon. 

A referepee to this omjde experiment will serve to illus- 
trate the construction and use of the dipping needle repre- 
sented beneiuh. This inttnunent, though of kte much 




improved, is still far from perfect. The general mode of 
constructing it is to pass an axis quite through the needle, 
whilst the pivots rest upon a bar crossing a large divided 
circle of brass. The stand is furnished with adjusting 
screws, by means of which it is readilj placed in a perpen- 
dicular direction ; but when used at sea, it is usually sup- 
ported by a ring. 

To observe the dip accurately in any particular situation, 
it is necessary, after having noted the angle formed on one 
side of the circle, to reveise the magnetism of the needle 
by the appUcaticm of magnetic bars, so that the end of the 
needle which before was elevated above the horizon, may 
th^ be below it; on again observing the dip, a mean of 
the two (Observations will produce the mos^ accurate result. 

The dip of the needle was first observed Ijy Norman in 
1676, at which period, the north-pole of the dippng- 
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needle, when placed in the neighbourhood of London, stood 
at TVBV below the horizon ; and in 1775, it was at 71°^, 
the change in its angle during that period, being somewhat 
less than a quarter of a degree. 

The phenomenon of the magnetic dip, or indinadon of 
the needle, haviAg been discovered by Norman, aume* 
rous theories were formed to account for such a wonder- 
ful phenomenon, and the latitude, on any meridian, was 
attempted to be discovered by its results; experience, 
however, very soon proved that its demonstrations were 
extremely erroneous ; and' it has since been adverted to 
more as a matter of scientific importance, than of real 
utility to navigation. Captain Flindefrs, in his last voy- 
age of discovery, and M. Humbolt, in his valuable philo- 
sophical researches in the New World, have materially im- 
proved our acquaintance with the dipping needle, and 
have, in some measure, rendered its results valuable to the 
navigat(»*. The former, at an early period of his voyage, 
observed that the indications of the dipping-needle had a 
close connexion with the change, occasioned by the local 
attraction of the ship, in the variation oi the compass; and 
that, as the north or south end of the compass-needle was 
affected, so, in like manner, were ihe results of the dip- 
ping-needle increased or diminished : this affinity he consi- 
dered as occasioned by the magnetism of the earth, and 
the attraction of the ship, acting iipon the needle anid fcMln« 
ing a compound force ; for when the north end of the , 
needle had dipped, it was the north end of the compass- 
needle which was attracted by the iron-work in the ship ; 
and that the errors produced by this combined attraction, 
were proportionate to the sines of the angles between the 
ship^s head and the magnetic meridian. On the magnetic 
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equator/where the dipping needle stands horizontally, or 
there is no dip, there seemed to be no local attraction; 
but after passing some distance into the southern hemi- 
sphere, when the south end. of the needle had dipped^ ob- 
servations again showed errors in. the compass-needle, but 
they were of a contrary nature to those experienced in the. 
northern, which evidently proved that the south end of the 
compass-needle was now attracted. The importance of 
this discovery, deduced from many observations during 
the voyage, and verified after his return, by a series of ob- 
servations made on board other ships, induced him to con- 
clude that the error produced at any direction of the ship^s 
head^ would be to the error at east or west, at the same 
dip, as the sine of the angle between the ship^s head and 
the magnetic meridian, was to the sine of eight points 
or radii. 

From what we have already stated of the nature of the 
magnetic dip, it will be evident that the angle formed by 
the needle, must vary as the observer approaches to^ or 
recedes from the poles, and that at the equator, it would 
assume a line parallel with the plane of the horizon. Tn 
the following table. Professor Hausteen has furnished us 
with a series of valuable observations upon this subject ; 
they were made in 1819. 
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l>ip. 


Peru 


. 0" 0' 


Mexico 


. 42 10 


Paris 


. 68 38 


London . 


. 70 33 


Christiana . 


. 72 30 



Arendahl 


Dip. 
. 72^45' 


Brassa 


. 74 21 


Hare Island . 


. 82 49 


Davis's Straits • 


83 8 


Baffin's Bay . 


. 84 25 



From a series of numerous and accurate experiments 
made by Captain Sabine, he obtained the following mea- 
suries of the dip of the magnetic needle at London: — 
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By ten experiments with Tobias Mayer's needle . • lOJtJQ 
By the times of oscillation in the magnetic meridian^ and in 

the plane perpendicular to it. Mean by three needles . 70.4.0 

By the times of vertical and horizontal oscillation . . 73.2.() 

Mean . . 70.3.2 

Hence Captain Sabine concli^esy that ^W^ was the mean 
dip of the needle at London^ in August, and September 
18S1, within a few hours of noon. 

As the observations of Naime and Cavendish give 
7(y«6' fcr the dip in 1774, we obtain 3/Oa" as the mean 
annual rate of diminution between 1774 and 1821. 

Taking Mr. Whiston's determination of the dip in 17S0, 
at 75^10", which Mr. Cavendish considered as accurate, 
the annual diminu^on is 3'05''. 

Having thus illustrated the nature bf the magnetic dip, 
it may now be advisable to notice Biofs hypothesis, in 
which he attempts to determine the law which regulates 
the inclination of the needle in diffident parts of the globe. 
M. Biot supposes two centres of attraction, or northern and 
southern poles, situated at equal distances from the centra 
of the earth, and in the axis of the magnetic equator. He 
then calculated .the e£Pects which ought to result from the 
action of these caitres upon any point of the earth's sur- 
face, assuming the attraictive force in the reciprocal ratio of 
the squares of the distances; and the result was, that the 
nearer these assumed poles were brou^t to eadi oilier, the 
more perfectly did the calculation agree with experinoHent. 
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ELECTRO-MAGNETISM. 

Magnetic Phenomena exhibited by the agency of Charged 
Electrical Surfaces.^^FranklifCs Experiments. — Effects 
produced bj^ Van Marum and Von Buck, — Oersted's Dis- 
coveries. — Revolving Apparatus. — Thermoelectricity. 

The iotiniate connexion that subsists between many of 
the phenomena described in the preceding section, with 
those observed in electricity, has given birth to a new 
science, which may be said to date its origin from . the 
commencement of the present century. Amongst those 
who have done most towards the developement of electro- 
magnetism, we may especially enumerate M. Oersted, Sir 
Humphry Davy, and Professor Barlow, and the latter of 
these gentlemen has published a very valuable work illus- 
trative of the subject. It may, however, be right to add, 
that the facts yet developed are too scanty to admit of any 
very accurate mode of theorizing in this branch of science. 
We may advert in the first instance to the effects which are 
ibund to arise from the action of coated surfaces on ferrugin- 
ous bodies, as these were obiserved at a much eiarlier period. 

Dr. Franklin appears to have been the first electrician 
who paid any serious attenticm to this subject. 'He sent 
the charge of some large jars through.fine sewing-needles: 
the ends of the needles were rendered blue, and on being 
carefully laid on water they traversed, evincing evident 
proofs of polarity. The most remarkable circumstance at- 
tending these experiments was, that if the needle lay east 
and west when the charge was passed through it, the end 
which was entered by the iSuid pointed to the north ; but 
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if it lay south and north, the end which lay pointing to the 
north would continue to do so, whether the charge entered 
by that end or the other; although the Doctor imagined 
that a still stronger charge would have reversed the poles, 
even in that situation, since this e£fect^ had been actually 
produced by lightning. The polarity he also found to be 
strongest when the needle received the charge while lying 
north and south, and weakest when it lay so as to point 
east and west. 



But the experiments most to be relied on were inade by 
Van Marum with the large machine and battery in the 
Tyleriim Museum at Haarlem. He succeeded in giving 
polarity to needles made of watch-springs, of from three to 
six inches in length; and also to steel bars nine inches 
long, from a quarter of an inch to half an inch broad, and 
about a line in thickness. The result was, that when the 
bar was . placed horizontally in the magnetic meridian,' 
whichever way the shock entered, the end of it that stcknl 
towards the north acquired the north polarity, and the 
opposite end acquired the' south. If the bar, before it 
received the shock, had polarity, and was placed with its 
poles contrary to the usual direction, its natural polarity 
was uniformly diminished^ and often reversed ; so that the 
extremity of it, which in receiving the shock pointed to 
the north, became the north pole. 

When the bar was Struck standing perpendicularly, its 
lowest end became the north pole in any case, even when 
the bar previously possessed magnetism, and was placed, 
with the south pole downwards. Things reniaining the 
same, the bars seemed to acquire an equal degree of mag- 
.netic power, whether they were struck whilst standing ho- 
rizontally in the magnetic meridian, or perpendicular to 
the horizon. When the needle was placed in the mag- 

t8 
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netic equator, whichever way the charge entered, it never 
produced any magnetism ; but if it was passed through its 
width, then the needle acquired a considerable degree of 
magnetism, and the end which lay towards the west be- 
came the north pole, and the other end the south pole. If 
a needle or bar, already magnetic, or a real magnet, was 
struck in any direction, its power was always diminished. 
For this experiment they used bars of considerable size 
and weight, one of which was 7*08 inches long, 0*S6 broad, 
and 0*05 thick. When the shock was so strong in propor- 
tion to the size of the needle, as to render it hot, then the 
needle generally acquired no magnetism at all, or very 
little. , These experiments were made with a battery cotn- 
posed of 185 jars, contioning about 130 square feet of 
coated surface. 

,M» Von Bucb, also, appears to. have ascertained the 
action of common electricity in producing magnetism, with- 
out a previous knowledge of what had been done by others 
in that way, and he succeeded in p»*oducing the efPect 
by a smaller power than had before been used for that 
purpose. He found that a strong discharge was not ne- 
cessary, nor even a Leyden phial ; but, fixing a helix be- 
tween the prime, conductor of a machine and another in* 
sulated conductor, placing a steel needle in it, and then 
drawing sparks from the latter conductor, the needle be- 
came magnetic. One. single turn of a machine, with two 
discs, eighteen inches in diameter, was sufficient to make 
the needle evidently magnetic. 

As the discharge of a considerable quantity of electricity 
through a wire s^med necessary to produce magnetism, it 
appeared probable that a wire electrified by the common 
machine would not occasion a sensible effect ; and this was 
found to be the ca^se, on placing very small needles across 



' M. 0£RSTED's £XP£RIMEKT8. 277 

a fine wire connected with a prime conductor of a power^* 
ful machine, and the earth. But, as a momentary exposure 
in a powerful electrical circuit was sufficient to give per- 
manent polarity to steel, it appeared equally obvious, that 
needles placed transversely to a wire at the time that the 
electricity of a common Leyden battery was discharged 
through it, ought to become magnetic, and this was ac- 
tually the case, and according to precisely the same laws as 
in the voltaic circuit ; the needle under the wire, the po- 
sitive conductor being on the right hand, offering its north 
pde to the face of the operator, and the needle above ex- 
hibiting the opposite polarity. 

So powerful was the magnetism produced by the dis- 
charge of an electrical battery of seventeen square feet, 
highly charged, through a silver wire of one-twentieth of 
an inch^ that it rendered barli of steel two inches long, and 
from one-twentieth to one-tenth in thickness^ so magnetic, 
as to enable them to attract smalt pieces of steel wire or 
needles ; and the effect was communicated to a distance 
of five inches above or below or laterally from the wire, 
through water, or thick plates of glass, or metal electri- 
cally insulated. 

The major part of the discoveries made in this science, 
have, however, been effected by galvanic electricity ; and 
to this powerful agent, M. Oersted directed his attenti(m 
about the commencement of 1807, when he proposed to 
try ^^ whether electricity, the most latent,^ had any action 
on the magnet/' 

If a magnetic needle be left to take its natural direction, 
and then a straight portion of the connecting wire of a gal- 
vanic battery be brought above it, and parallel to it, that 
end of the needle next the n^ative pole of the battery 
moves towards the west ; and that too whether the wire be 
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on the one or the other side of the needle, so that it be above 
and parallel to it. If the connecting wire be sunk on 
either side the needle, so as to come into the horizontal 
plane in which the needle is allowed to move, there is no 
motion of the needle in that plane; but the needle, at- 
tempts to move in a vertical circle ; and but for the im- 
perfect suspension, and the influence of the earth^s mag- 
netism, would do so. When the wire is on the east of the 
needle, the pole of the needle next the negative end of the 
battery is elevated ; and when on the west of the needle it 
is depressed. If the connecting wire be now sunk below 
the level of the needle, similar attractions and repulsions 
take place, but in opposite directions to those followed 
when it is above. The pole of the needle opposite the ne- 
gative end of the battery then moves eastward, whatever 
the position of the wire, so that it be restricted as above. 
. That these positions of the magnetic needle may be re- 
tained with more facility in the memory. Professor Oersted 
proposed the following formula : " The pole above which 
the negative electricity enters is turned to the west ; under 
which, to the east.'' 

M. Oersted subsequently pointed out, what it is easy to 
see from the above experiments, that the movement of the 
needle took place in a circle round the connecting wire ; 
and though, in the description of his first experiments, the 
quantity of declination given to the needle from the wire 
is expressed by an angle of so many degrees, yet it is 
afterwards stated to vary with the power of the battery. 
.Whenever the needle is moved in a horizontal or any other 
circle from the position it naturally assumes, the power of 
the earth over it tends to restore that position, and is con- 
sequently an active force, in the present instaiace opposed to 
the power of the connecting wire ; it therefore lessens, the 
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declination the needle would otherwise have. Also iK^ien 
the wire is brought into the same horizontal circle with the 
needle, its effect over it is shown by the elevation and de- 
pression pf its opposite ends ; and it is the mode of sus- 
pension combined with the earth's magnetic power that 
prevents it from traversing in a vertical circle. But if 
those interfering circumstances be removed, viz. if the sus- 
pension be such as to allow of free motion to the needle 
in every direction, and the earth'^s ^magnetism be rendered 
null, or counteracted either by the position of the needle, 
or by the vicinity -of another magnet, then a much simpler 
idea of the relative movements of the wire and needle may 
be obtained. 

It is not, perhaps, easy to obtain this perfect state of 
apparatus, but it is not difficult so to arrange it as to exa- 
mine the movements first in one direction, and then in an- 
other. It will then be found, if the connecting wires of a 
sufficiently powerful apparatus be placed near a magnetic 
needle so as to pas$ near its centre, that the needle will ar- 
range itself directly across the wire, whatever the previous 
position of the two ; that if the wire be carried round the 
centre of the needle, or the centre of the needle round the 
wire, the same relative position of the two will continue ; 
and that the direction of the needle across the wire is 
not indifferent, but has its poles always in a constant po- 
sition to the poles of the battery. If the positive pole of a 
battery be on the right hand, and the negative pole on the 
left, and: a wire be stretched between, connecting them 
then a needle above the wire will point the north pole 
from, and the south towards us : or if below, the south 
' pole from, and the north towards the experimenter. ' 

^f the connecting wire and the needle be represented by 
two small rods hamed accordingly, and fastened perma- 
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nently together, then they will represent the wire and the 
needle in all positions; for, however one be placed, the 
other will correspond with it : or if, on the under side of a 
small square piece of glass, a line be drawn from top to 
bottom, the upper end being called negative and the lower 
positive ; and on the upper surface a line be drawn from 
left to right, the left termination being named south, the 
right north ; then the lower line will always represent the 
Connecting wire, and the upper the needle. 

The needle and wire being in this position, if the wire be 
moved along the needle towards either extremity, strong at- 
tractions' will take place between it and the pole, notwith- 
standing the same part of the wire be employed ; and the 
poles in the two positions are contrary to each other. lit 
this case it appears that the same point in the wire has 
the power of attracting both the north and the south pole of 
the needle. If while the wire is thus situated near the end 
of the needle, the latter be turned round, so that the pole 
before there be replaced by the opposite pole, strong re«- 
pulsions will take '^lace ; and that, to whichever pole the 
wire has in the first instance been carried, so that the same 
point which before attracted both poks will now repel 
them both. If, when the wire is near the extremity of the 
needle where the attraction is strongest, it be moved round 
the end so as to go from one side to tlie other, keeping the 
same pdnt constantly towards the needle, its attractive 
power over the neeiile will be found to. increase as it ap- 
proaches the end, but remains on one side of it ; will di- 
minish as it turns the end ; will become null when exactly 
opposed to the pole ; and, as' it passes on the other side, 
will resume repulsive powers, which will be strongest at 
the extremity of the pole on the opposite side to where the 
wire was situated at first. 
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In one of the earliest experiments to show the motion 
impressed on a galvanic arrangement by the close prox^ 
imity of a magnetized bar, Professor 
Oersted suspended a copper trough, 
furnished with a plate of zinc, ex- A 






t- 



posing a surface of about two square 

feet. The apparatus was supported 

by a silk thread, and then charged 

with a strong* acid solution. The 

wire which is seen to connect the 

two plates was then found to obey the magnet. It may be 

attracted or repelled^ and is capable of producing similar 

effects on light steel needles, placed in the neighbourhood 

of the apparatus. 

M. de la Rive'^s apparatus conasts of a small galvanic 
combination attached to a cork ; the plate of zinc is nearly 
half an inch wide, and extends about one and a half or two 
inches below its cork, its upper end passing through the 
same ; the slip of copper i^ of equal width to the zinc, but 
passes round it, being thus opposed to both its surfaces, as 
in Dr. Wollaston^s construction ; its upper end also ap- 
pears through the cork. A piece of copper wire, covered 
with silk thread, is coiled five or six times, and tied to- 
gether so as to form a ring about an inch in diameter, 
and the ends of the wire are connected, by solder, one with 
the zihc, and the other with the copper slip above the 
cork. 

When this small apparatus is placed in water slightly 
acidulated with sulphuric or nitric acid, the ring becomes 
highly magnetic, and will arrange itself in a plane perpen- 
dicular to the magnetic meridian, or it will at least indicate 
a tendency to ticke up that position ; but the escape of the 
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bubbles, arising frotn the decomposition of the water, pre- 
vents it from preserving a fixed direction. 

Its magnetic qualities, however, are more obviously 
shown by bringing to it a strong magnet. When the re- 
sult of the application is attraction, the cork will advance 
towards the extremity of the magnet ; and if the latter.be 
held horizontally, and in a line with the centre of the 
former, this will continue to advance till the pole of the 
magnet is within the ring, and then proceed with consider- 

« 

able velocity, till it reaches the middle of the magnet, where 
it remains perfectiy stationary. If now the magnet be 
withdrawn, and changed end for end, and re-introduced 
into the ring, the latter will go off from the magnet, turn 
itself round when quite free from it,- again advance, and 
settle itself as before in the centre. 

A perfect polar arrangement may 
be formed by the simple electro-mag« 
netic apparatus, represented in the 
figure A B, which will be found to 
be attracted and repelled precisely 
in the same way as common magnets. 

One of the most delicate pieces of apparatus for exhilnt* 
ing electro-magnetic rotation, was suggested by Mr. Fara- 
day. It is shown in the accompanying figure, and consists 
of a piece of glass tube, the bottom part of which is 
closed by a cork, and through it is passed ft small 
piece of soft iron wire, so as to project above and be- 
low the cork. A little mercury is then poured in, 
to form a channel between the iron wire and the 

m 

glass tube. Th^ upper orifice is also closed by a 
cork, through which a piece of platinum wire passes, 
being terminated within by a loop ; another piece of 
wire hangs from this by a loop, and its lower end, which 
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dips « very little way into the mercury, being aoRil- 
gamated, it is preserved from adhering either to the iron 
or the glass. Things being thus arranged, a very minute 
galvanic power being applied by a contact with the lower 
and upper end of the apparatus, and the pole of a strong 
magnet being applied to the external end of the lower iron 
wire, the moveable wire within begins rapidly to rotate 
round the temporary magnet thus formed ; and which ro- 
tation may be inverted eitber by changing the contact, or 
by inverting the magnet. Mr. Faraday states that this 
instrument is so sensible, that a rotation has been produced 
in it by two plates, each only one inch square. 

Mr. Marsh has constructed an ingenious machine, in 
which he causes a wheel to revolve upon its axis, by the 
cmnbined operation of electricity and magnetisni. The 




apparatus by which this motion is produced, is shown 
above. The rectangular base G H, is furnished with a 
brass pillar and arm C D, on which is allowed to rest the 
wheel A B. A cup, containing mercuiy, is placed at G, 
and by a metallic wire beneath, serves to connect the re- 
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volviDg wheel with one pole of the battery, while a nmilar 
cup, which is hid from view by the horse-ahoe magnet, 
comiects the oppo^te pole with the mercurial trough E< 
On (dadng the magnet in its proper utuation, the wheel ia 
found to revolve rapidly on its axis ; and if the poles be 
changed, motion occurs in the opposite direction. 

A very curious revolving apparatus may be ^nnstructed, 
by employing two horse-shoe magnets in connexion with 
the opposite poles of a powerful voltaic arrangsmenl. It 



is represented in the annexed cut, and consists of a rect- 
angular stand A B G D, having two grooves, about half an 
inch deep, cut in it parallel to its length. C p, Z q, are 
two wires having cups for connexion at Z and C, and each 
pa^ng into its respective groove ah, cd, filled with mer- 
cury ; into which are slightly immersed the points of the 
wheels W W; these being fixed on an axle W W, and 
resting upon the two supports a s, brought to a fine edge, 
in order to reduce the friction as much as possible, 
and to give the greater freedom of motion. N S are 
two horse-shoe magnets, posited as in the figure, with 
the like poles interior and exterior of the wheels. The ap- 
paratus being thus prepared, and the contact made at Z 
and C, the wheels will b^n to rotate with great velocity. 
A differently formed wire, and a more simple mode (A. 
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suspenidon, is shown in the accompanying diagram. Here 
a brass or copper wire C, rests at its bent end C, in a cup 
containing a little mercury, and is very moveable in azi- 
muth round this point. The other end passes through 
the centre of a circular piece of pasteboard, and then forms 
a series pf spiral turning^ in the yJane of this circular piece. 
The wire is attached by thread or silk to the pasteboard disc, 
and at the point A, it turns and descend^^ till its extremity 
reaches the quicksilver in the cup B. The (communication 
being now made at C and B, with the battery, the spiral 
will immediately arrange itself, in a plane perpendicular to 
the magnetic meridian. 

M. Berzelius has described a curious experiment, which 
consists in placing a thin leaf of tin, eight inches long and 
two inches wide, parallel to, and in the plane of, the meri- 
dian, and in that position connecting it with the elements 
of a voltaic circle. A magnetic needle brought near the 
lower edge of this plate is thrown 9Xf from the magnetic 
meridian. On moving it slowly upwards, it takes its na- 
tural position, when level with the middle of the plate, 
except that it is raised at one end, and depressed at the 
other; and when near the upper edge, it .moves from the 
magnetic meridian in the opposite direction to what it did 
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below. When the needle is moved up and down on the 
opposite side of the plate, the same deviation and effects 
take place, but in opposite directions. 

M. Ampere has proposed to construct a telegraphy by 
using as many conducting wires and magnetic needles as 
there are letters. By placing each letter on a different 
needle, he establishes, by means of the pile, placed far trojti 
the needles, an idtemate communication betwixt its twoex- 
tremities and those of each conductor, and thus forms a 
sort of telegraph, fitted for writing all the details which it 
may be wished to transmit through any obstacle, to a per- 
son who is charged with observing the letters placed on 
the needles. By placing on the pile a row of stops, which 
carry the same letters, and establish the communication by 
their descent, this method of correspondence, observed M. 
Ampere, might be made both easy and rapid. 

Sir H. Davy found, that when two wires were placed in 
a basin of mercury, perpendicular to the surface, and in the 
voltaic circuit of a battery with large plates, and the pole 
of a powerful magnet held either above or below the wires, 
the mercury immediately began to revolve round the wire 
as an axis, and with a highly increased velocity when the 
oppofflte poles of two magnets were used, one being above 
and the other below. Masses of mercury, several inches 
in diameter, were thus put in motion, and made to revolve 
in this manner, whenever the pole of llie magnet was held 
near the perpendicular of the wire ; but when the pole was 
held above the mercury between the two wires, the circular 
motion ceased ; and currents took place in the mercury in 
opposite directions, one to the right, and the other to the 
left of the magnet. Sir Humphrey ne^t inverted the form 
of the experiment. He took two copper wires of about 
one-sixth of an inch in diameter, the ends of which were 
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flat, and carefully polished, and passed them through two 
holes three inches apart, in the bottom of a glass basin, 
and perpendicular to it. They were cemented into the 
basin, and made non-conductors by sealing wax, except 
at the polished ends. The basin was then filled with mer- 
cury to the height of 1-1 J th of.aix inch above the. wires. 
The moment the contacts were made, .the mercury. was 
seen in violent agitation; its surface became- elevated 
to a small cone above each of the wires ; waves flowed 
in all directions from these cones, and the only point 
of rest was apparently in the centre of the mercury be- 
tween the two wires. On holding a powerful magnet 
some inches above one o£ the cones, its apex was diminish- 
ed, and its. base extended; by lowering the pole farther, 
these effects were increased, and the undulations became 
feebler ; and at a smaller distance, the surface of the mer- 
cury became plain,, and rotation slowly commenced round 
the wire. The elevations and depressions in some experi- 
ments were one-fifth or one>sixth of an' inch.* 

When a magnet is made to act on steel filings, these 
filings arrange themselves in curves round the poles, but 
diverge in right lines; and in their adherence to each 
other form right lines, appearing as spicula. . In the attract 
tion of the filings round the wire in the voltaic circuit, on 
the contrary, they form one coherent mass, which would 
probably be perfectly cylindrical, were it not for the in- 
fluence of gravity. In first considering the subject, it ap- 
peared to Sir Humphry, that there must be as many dou- 
ble poles as there could be imagined points of contact 
round the wire ; but when be found the north and south 
poles of a needle uniformly attracted by the same quarters 



* Vide Philosophical Transactions, 1823, p. 15(3. 
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of the wire, it appeared to him that diere must be four 
prineipsl poles coneqioiidiiig to these four quarters. Dr. 
Wollaston has, however, pointed out that there is nothing 
definite in the poles: that the phenomena may be exfdain* 
ed, by supposing a kind of revolution of magnetism round 
the wire, depending for its direction upon the position of 
the n^ative and positive sides of the electrical apparatus. 

To throw some light upon this ouUter, and to ascertain 
correctly the relations ci the north and south poles of steel, 
magnetised by electricity to the positive and negative state. 
Sir HumjArey Davy placed short steel needles round a 
circle made cm pasteboard, of about two inches and a half 
in diameter, bringing them near each other, though not in 
contact ; and fastening them to the pasteboard by thread, 
so that they formed the sides of a h^cagon inscribed with* 
in the circle. A wire was fixed in the centre of thi^ cir- 
cle, so that the circle was parallel to the horizon, and an 
electric shock was passed through the wire, its upper part 
being connected with the positive side of a battery, and its 
lower part with the negative. After the shock all the 
wires were found magnetic, and each had two poles ; the 
south pole being opposite tc the north pole of the wire next 
to it, and vice versa ; and when the north pole of a needle 
was touched with a wire, and that wire moved round the 
circle to the' south pole of the same needle, its motion was 
opposite to that of the apparent motion of the sun. 

A similar experiment was tried with six needles ar* 
ranged in the same manner, with only this difierence, 
that the wire positively electrified was below. In this case 
the results were precisely the same, except that the poles 
were reversed : and any body, moved in the circle from 
the north to the south pole of the same needle, had its di- 
rection from east to west. 
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A dumber of needles were arranged a» polygons in dif- 
ferent ciroles round the same piece of pasteboard, and 
made magnetic by electricity ; and it was found that in aU 
of them, whatever was the direction of the pasteboard» 
whether horizontal or perpendicular, or inclined to thf 
horizon, and whatever was the direction of the wire with 
respect to the magnetic meridian, the s«ne law prevailed ; 
for instance, when the positive wire was east, and a body 
was moved round the circle from the north to the south 
poles of the same wire, its motion (beginning with the 
lower part of the circle) was* from north to south, or with 
the upper part from south to north ; and when the needles 
were arranged round a cylinder of pasteboard so as to cross 
the wire, and a pencil*mark drawn in the direction of the« 
poles, it formed a spiral. 

It was perfectly evident from these experiments, that as 
many polar arrangements may be formed as chords can be 
drawn in circles surrounding the wire. 

Supposing powerful electricity to be passed through 
two, three, four, or more wires, forming part of the same 
circuit parallel to each other in the same plane, or in dif- 
ferent planes> it could hardly be doubted that each wire, 
and the space around it, would become magnetic in the 
same manner as a single wire, though in a less degree; and 
this was found to be actually the case. When four wires 
of fine platinum were made to complete a powerful voltaic 
circuit, each wire exhibited its magnetism in the same 
manner, and steel filings on the opposite sides of the wires 
attracted each other. 

As the filings on the opposite sides of the wire attracted 
each other in consequence of their being in opposite mag- 
netic states, it was evident, that if ^the similar sides could 
be broiight in contact, steel filings upon them would repel 

VOL. II., V 
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each other. This was very easily tried with two yoltaic 
batteries, arranged pandlel to each other, so that the 
positive end of one was opposite to the positive end 
of the other: steel filings upon two wires of platinum 
joining the extremities strongly repelled each other. Wh^i 
the batteries were arranged in the opposite order, viz. posi- 
tive opposite to negative, they attracted each other; and 
wires of platinum (without filings) and fine steel wire (stiU 
more strongly) exhibited similar phenomena of attraction 
and repulsion under the same circumstances. 

As bodies magnetised by electricity put a needle in mo- 
tion, it was natural to infer that a magnet would put bodies 
magnetised by electricity in motion; and this was found to 
be the case. Some pieces of wire formed of platinum, sil« 
ver, and copper, were placed separately upon two knife 
edges of platinum, connected with the ends of a powerful 
voltaic battery, and a magnet presented to them ; they were 
all made to roll along the knife edges, being attracted when 
the north pole of the magnet was presented, the positive 
side of the battery being on the right hand, and repelled 
when it was on the left hand, and vice versa^ changing the 
pole of the magnet. Some folds of gold leaf were placed 
across the same apparatus, and the north pole of a power- 
ful magnet held opposite to them; the folds approached 
the magnet, but did not adhere to it. On the south pole 
being presented, they receded from it. 

Imperfect conducting fluids do not give polarity to steel 
when electricity is passed through them; but electricity 
passed through air produces this effect. Reasoning on 
this phenomenon, and on the extreme mobility of the par- 
ticles of air. Sir Humphry Davy' concluded that the vd- 
taic current in air would be affected by the magnet. 
. To put this important fact to the test of experiment, 
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Mr. Pepys made arrangements for charging the great bat** 
tery of the London Institution, concdttihg of 2000 double 
l^ates of zinc and copper^ with a mixture of 1168 parts of 
water, 108 parts of nitrous add, and twenty-fiye parts of 
sulphuric acid ; the poles were connected by charcoal, so 
as to form an bic, or column of electrical light, varying in 
length from one to four inches, according to the state of 
rarefaction of the atmosphere in which it was produced ; 
and a powerful magnet being presented to this arc, or co- 
lumn, having its pole at a very acute angle to it, the arc, 
or column was attracted or repelled with a rotatory mo- 
tion, or made to revolve by placing the poles in different 
positions, being repelled, when the negative pole was on 
the right hand, by the north pole of the magnet, and at^ 
tracted by the south pole, and vice versa. 

The same ingenious philosopher placed some silver wire 
of one-twentieth of an inch, and some of one-fiftieth, in dif<- 
ferent parts of the voltaic circuit when it was completed, 
and shook some steel filings on a glass plate above them : 
the steel filings arranged themselves in right lines, always 
at right angles to the axis of the wire. The effect was ob- 
served, though feebly, at the distance of a quarter of an 
inch above the thin wire, and the arrangement in lines was 
nearly to the same length on each side of the wire. 

He ascertained, by several experiments, that the effect 
was proportional to the quantity of electricity passing 
through a given space, without any relation to the metal 
transmitting it ; indeed, it may be added, that the finer the 
wires, the stronger their magnetism. 

A zinc plate of a foot long, and six inches wide, ar- 
ranged with a copper plate on each side, was connected by 
• a very fine wire of platinum ; and the plates were plunged 
an inch deep in diluted nitric acid. The wire did not 

u 2 
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senubly attract fine steel filingi. When tbey wereplusged 
tiro inchen, the effect was lensible; and it increased with 
the quantity of- immersioa. Two arrangements of tfaii 
kind acted more powerfully than one ; but when the two 
were combined, so as to make the zinc and copper plate* 
but parts of one combination, the effect was very much 
greater. This was shown still more distinctly in the foU 
lowing experiment: — Sixty zinc plates with double copper 
plates were arranged in alternate order, and the quantity 
of iron filings which a wire of a determined thickness took 
up, observed : the wire remaining the same, they were ar- 
ranged so as to make a series of thirty. The magnetic effect 
appeared more than twice as great ; that is, the wire raised 
more than double the quantity of irmi filings. 

The most powerful galvanic arrangement for elecUo- 
magnetic purposes generally, that has yet been described, 
was constructed under the direction of Mr. Pepy?. A sec- 
tion of the apparatus is shown in the accompanying en- 
graving. 



It forms a coil, and consists of two plates, each fifty 
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feet in length, and two feet in width ; .the one copper, and 
the other zinc, making a kiperficial isurface of 4000 feet. 
They are rolled round a cylinder of wood, with three 
strands or ropes of horse-hair between each plate, to pre- 
vent contact of the metals ; and, to maintain these in their 
situation, notched sticks are occasionally introduced in the 
rolling. Two conductors of copper, near three-fourths of 
an inch in thickness, are firmly attached to the end! of each 
plate, from which the power is dispensed up6n immersion 
in the acid. 

The entire apparatus may be best illustrated by another 
figure. 




Rather more than fifty gallons of dilute acid are requi- 
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site to charge the receptacle intended for the metallic spi- 
ral ; and to put the apparatus in operation, the coil is 
gradually lowered into the tub beneath. The immersion of 
the spiral, however, displaces a certain portion of water ; so 
that, when a balance is resorted to, it is necessary to rest(»e 
the equilibrium by withdrawing one of the counter- weights. 

As a mere electrical battery, the effect to be derived 
from this pair of plates is comparatively small ; but its 
powers as an agent for illustrating the connexion betweea 
magnetism and electricity are truly astonishing. 

Magnetic needles, placed at a distance of several feet 
from the apparatus, were readily put into motion, and de- 
flected from their previous position. The most singular 
phenomenon, however, which resulted from the series of 
experiments with this extraordinary instrument, remains 
to be noticed : — A spiral of wire was connected with the 
two poles of the battery, and being placed in a perpendi- 
cular direction, a steel cylinder was dropped from the up- 
per end, and this, instead of obeying the ordinary laws of 
gravitation, was found, after a few oscillations, to take a 
portion somewhere midway between the two extremities of 
the tube. 

A slight view of the apparatus employed in thermoelec- 
tricity ^ must complete the present sketch. 

In 1823, Dr. Seebeck, of Vienna, by combining metals 
of different kinds, succeeded in producing deflections of the 
magnetic needle by an increase of temperature alone, with- 
out any assistance from the voltaic arrangement before 
used. Dr. Seebeck^s apparatus consisted of a parallelo- 
gram, A B D, composed of two metals, bismuth and anti- 
mony ; one long and one short side being formed of each 
metal. On placing the needle, M, on a stand and centre 



THERMO-SLECTRICITY. 



295 




C, and allowing it to arrange itself in the magnetic meri- 
dian, it waa found that the application of a spirit-lamp to 
either extremity, produced a change m its situation. 

The following table of thermo-electrics is furnished by 
Professor Gumming : and when brought in contact, each 
substance is positive to all below, and negative to all above. 
The voltaic series, and the order of conductors of electricity 
and heat, are added merely to show that the thermo-electric 
series has but little accordance with either of them. 



Theroi<>-electrics> 


Voltaic Series. 


Electricity. 


Heat. 


Bismuth. 


Charcoal.^ 


Silver. 


Silver. 


Mercary. 


Platina, 


Copper. 


Gold. 


Nickel. 


Gold. 


Lead. 


Tin. 


Platina. 


Silver. 


Gold. 


Copper. 


Palladium. 


Copper. 


Zinc. 


Platina. 


Cobalt. 


Lead. 


Tin. 


Iron. 
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Tlwnno-ctocuiw. Voltato Sertct. 



Silver. 


Tin. 


Tin. 


Iron. 


Lead. 


Zinc 


Rodium. 




Bran. 


k 


Copper. 




Gold. 




Zinc. 




Charcoal. 




Plumbago. 




Iron. 




Artenic. 




Antimony. 





ElMtridij. 


HCM. 


Platina. 


Uad. 


Palladium. 




Iron. 





The pext apparatus to be described, was contrived by 
Professor CummiDg, and exhibits the combined effec^i of 
heat, electricity, and magnetism. It consists of a small 
convoluted wire, covered with black silk, and its ends ter- 
minate in two small cups, containing mercury. When re- 
quired to act, two pieces of wire, one silver and the other 
platina, twisted, together at one end, and the others'^^intro- 
duced into the cups, are heated by a spirit-lamp, and a 
needle placed in the coil may readily be deflected. A bet- 
ter arrangement may be illustrated by the acccHnpanying 
wood-cut. 
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It consists of a cylinder of bismuth or zinc, F, with 
copper wires twisted round each end, as at 6, H. The 
instant the flame of the spirit-lamp E,. is applied to one 
end of the bar, the magnet is deflected in one direction, 
but upon heating the other end by changing the positicm 
of the lamp, the needle returns towards the convoluted 
wire, and passiag it, exhibits the same degree of deflection 
on the opposite side. 

But a rotatory motion may be produced in the thermo- 
electric apparatus, as well as in that which owes its power 
to the voltaic battery. 




The parallelograms which cross each other in this appa- 
ratus, are each composed of two pieces of metal, the lowet- 
side being platinum, and the other three sides sQver. A 
horse-shoe magnet A B, being placed. near the apparatus as 
represented in the figure, and the flame of a spirit-lamp 
L^ applied to one of the angles of the transverse parallelo- 
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gram C, it instantly bqptu to rerdve with cotuoderaible 
rapidity. 

A double motion may be produced by a modification at 
the precediag ifiparatuB. 




When the heat of the flame E, acts upon D* and C, in 
this ingeaious arrangement, the double par^elograms will 
revolve with great rapidity, but they turn in opposite di- 
rections, in consequence of the opposite polarity of the 
bone-Bboe support. 

M. Ampere ascribes the diurnal variation of the aeedle to 
the correspottdii^ motion of the globe, which produces a 
continued variatioa in its temperatiuv. And to this he 
says, " We must also add, among the electio-motive ac- 
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tioiis of the different parts of the eiurth, that of the mi^- 
netic mmerals which it contains, and which should be con- 
sidered as so many voltaic piles. The elevation of tem- 
perature which takes place in the conductors of electric 

I 

currents, ought also to take place in those of the terrestrial 
globe. 
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METEOROLOGY. 

Construction of Meteorological Instruments. — Pressure of 
the Air as indicated by the Mercurial Column, — Baro* 
meter. — Thermometric Instruments. — Pyrometer. — fly- 
grometer.-^ Apparatus by Daniell and Leslie. — Rain- 
gauge. — Anemometer. 

The materiality of the gaseous elements which consti- 
tute the atmosphere, has already been proved by a re- 
ference to their weight, and consequent pressure on the 
earth^s surface. The. pneumatic equilibrium is, however, 
continually destroyed, and we seldom find the mercurial 
column at the same altitude for any considerable length 
of time. But the variable character of the atmosphere is 
not confined to a change in its density : it is surcharged 
with moisture at one period, while at another it is found in 
an arid and burning state. To acquire a practical know- 
ledge of the science, therefore, it will be necessary to notice 
the apparatus by which the meteorologist is enabled to fur- 
nish the data on which it is founded. The principal in- 
struments in use in meteorology, are the barometer, by 
which the atmospheric pressiure over any place i$ known ; 
the thermometer, which ascertains the temperature of the 
air ; the hygrometer, to indicate the moisture or dryness 
of the air ; the pluviameter, or rain-gauge, to measure the 
depth of rain that falls ; the wind-dial, to point out the 
direction of the wind ; and the anemometer, to measure its 
force. 

We may commence with the barometer, which owes its 
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power of foretelling changes in the weather to the mecha- 
nical operation of the air. 

The great value of this instrument in meteorology will 
be a sufficient apology for describing its construction, 
eq)ecially as its principle will then be fully understood. 

The tubes of which barometers are made, ought to be 
about one-third of an inch in diameter, and the one end 
hermetically sealed or closed, prior to its being removed 
from the glass-house. The mercury also must be perfectly 
pure, and should be freed from air by boiling in a glass 
vessel. To fill the tube with mercury, it should be first 
warmed, and the fluid metal may then be introduced by 
means of a small paper funnel. When the tube is nearly 
filled, small bubbles of air will be observed adhering to the 
glass ; and to dissipate these, it will be necessary to close 
the open end of the tube with the finger, and then invert it. 
On again bringing the tube to its original situation, the 
air-bubbles will unite, and by their buoyancy ascend 
through the quicksilver, taking with them the smaller bub- 
bles in their passage ; should any air remain, this operation 
may be repeated, and the tube then filled to the top. The 
open end of the tube must now be immersed in a basin of 
mercury, and on withdrawing the finger, the fluid metal 
will subside in the tube, remaining suspended at the height 
of about twenty-nine or thirty inches.* To complete the 

* It has long been known that an atmosphere of mercury exists io 
the upper part of the barometer, having a very small degree of ten- 
sion ; and Mr. Faraday has shown, by the following siirple experi- 
ment, that a -mercurial atmosphere may exist without removing the 
air. A small portion of mercury was put through a funnel into a 
clean dry boule, capable of holding about six ounces, and formed a 
stratum at the bottom^ not one-eighth of an inch in thickness : par- 
ticular care was uken that none of the mercury should adhere to the 
upper part of the inside of the bottle. A small piece of leaf-gold was 
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bairometer, it will only be necessary to attach the basm and 
tube to a board placed in a perpendicular direction, haying 
a scale of inches at the upper end, accurately measured 
from the surface of the mercury in the cistern ; and by the 
oscillations in the mercurial column, we ascertain tfad 
amount of pressure on the vessel beneath. 

M. Fugb, iu his Observations sur la Pesanteur de 
TAtmosphere, directs, that to remedy the inconveniendes 
fittendant upon the upright barometers, a graduated ruler 
should be applied parallel to the tube, having its lower end 
floating on the surface of the mercury in the cistern, ac- 
cording to the motion of which the scale will ascend or 
descend. Two or three supports, through which the ruler 
may pass so as to move freely, will be sufficient to keep it 
parallel to the column of mercury, whose length will be 
always visible; but for greater exactness, a moveable 
index, with a vernier, may be adapted to the scale^ in s\jcch 
a manner that one end shall be on a level with the surface 
of the mercury in the tube, while the vernier indicates the 
exact measure of the column. 

A very simple mode of enlarging the divisions of the ba- 
rometer, is commonly ascribed to Sir Samuel Moreland. 
It consisted in bending the upper part of the tube into a 
very oblique position. By this plan, however, the scale, 
which depends on the perpendicular altitude, cannot be 
augmented beyond three or four times, without incurring 
evident risk of inaccuracy. This instrument is called the 
inclined, or diagonal barometer. 

then attached to the under part of^lhe stopper of the bottle, so that 
when the stopper was put into its place, the leaf-gold was inclosed in 
the bottle. After the lapse of sik or eight weeks, it was examined, 
and the leaf-gold was found whitened by a quantity of mercury, which 
had evidently ascended from beneath. 
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The wJleel-barometer is very generally employed, though 
its indicationB are not so accurate as the simple tube akeady 
described. It is represented in the accompanying diagram. 
The tube is furnished with a large 
round head or ball, turned up at 
bottbm ; and upon the surface of 
the mercury in the recurved leg, 
there is placed a short glass tube 
loaded with mercury, with a string 
going over a pulley, and this is 
balanced by another weight, hang- 
ing freely in the air. As the sur- 
face at d, is large, ami that at the 
lower extremity very small, the 
motion of the quicksilver, and, 
consequently, of the ball at bot- 
tom, will be very conriderable; 
but as the weight moves up and 
down, it turns the pulley, and 
that gives motion to a hand or in- 
dex; thus, by the divinons of a 

large graduated circle, the minutest variations of the air 
are shown, at least, if the instrument be accurately made, 
and. the friction of the various parts inconsiderable. 

But wheel-barometers may be constructed so as to avoid 
most of the defects hitherto thought unavoidable in such 
instruments. Let a solid piece of glass, in the form (^ a 
pear, float upon the surface of the mercury in the tube : to 
the bottom of this ball let a piece of thread be attached, 
which may descend quite through the column of mercury, 
and pass round a pulley placed under the orifice of the 
tube, from thence, it must proceed to a second pulley, 
placed par^lel to the former in the cistern, and afterwards 
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over the pulley in the centre, which gives motion to the 
index : at the extremity of this thread must be fixed an-^ 
other small solid ball of glass, to give motion to the index 
when the mercQry descends. On account of the two puU 
lies, it will be necessary to make the cistern of such a size, 
that if the column of mercury should experience the whole 
extent of the variation, the height of the mercury in the 
cistern may suffer no visible change : thus, suppose that 
the diameter of the cistern is four inches, the total varia- 
tion of the column will occasion a difference of l-^th part 
of an inch in the height of the mercury in the cistern, 
which is equivalent to an angle of five degrees formed by 
the index ; but if the diameter of the cistern be six inches 
instead of four, the difference will not exceed l-48th of an 
inch, corresponding to an angle of two degrees and a half. 
An ingenious and very substantial kind of marine-baro- 
meter, was recommended by Blondeau, one of the Pro- 
fessors of the Naval Academy at Brest. It consisted of an 
iron tube, bent below into a sjrphon, and filled carefully 
with mercury, which carried a float. For this purpose, a 
musket-barrel, about three feet long, was chosen, having a 
very smooth and even bore, and an iron breech closely 
welded to it, insteiid of being soldered with brass, which 
might become corroded by the action of the mercury. The 
lower end of the tube had a collar of leather, to which was 
screwed a piece of iron, perforated through its whole 
length, and bent into an arch, having a vertical cylinder of 
iron, four inches high, and of the same bore exactly as the 
tube, screwed at the other extremity. The contracted 
aperture at the end of the tube, not being exactly in the 
middle, was not always opposite that of the arch ; and, 
therefore, by turning it occasionally aside, the communi- 
cation could be contracted at pleasure, or even cut off 
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entirely. The cylindrical piece was tapered at the top to a 
narrow orifice, through which an iron wire, attached to a 
small ivory float, had been introduced. To prepare this 
instrument for action, the mercury was first boiled m the 
tube ; then the arch, filled with hot mercury, was screwed 
to the end, the cock opened, and the surplus mercury al- 
lowed to flow over; next, the vertical piece, with its float, 
was screwed on, and a little mercury added. The origin 
of the scale was to be determined from the comparison 
with another good barometer of the ordinary construction ; 
but, owing to the equality of the bores of the opposite 
tubes, the divisions were only half the usual size, or the 
inches were exhibited by half inches. 

This species of barometer is certainly free from all sort 
of risk, while the facility which, by means of turning the 
arch, it afibrds in checking the ascent and descent of the 
mercury, prevents, in a great measure, the oscillations^ of 
that fluid. If the instrument were properly suspended, 
therefore, its indications would be tolerably steady and re- 
gular. The chief objection to it, however, consists in the 
diminutive range of its scale. 

The following rules are the result of a series of compa- 
rative observations made with th^ barometer. 

The barometer rising, may be* considered as a general 
indication that the weather is becoming finer. 

The atmosphere apparently becoming clearer, and the 
barometer above rain, and rising, show a disposition in the 
air for settled fair weather. 

If, during a continued series of cloudy and rainy wea- 
ther, the barometer rise gradually, though it remain below 
rain, especially if the wind changes from the south or west 
towards the north or east points, clear and dry weather 
may be expected. 

VOL. n. X 
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The weather for a short period} viz. from morning until 
evening} may commonly be foretold with a considerable de- 
gree of certainty. If the barometer has risen during the 
night} and is still rising, the clouds are high, and appa- 
rently dispersing, and the wind calm, especially if it be in 
or about the north or east points, a dry day may be con- 
fidently expected. The same rule applies for predicting 
the weather from evening till morning. 

Durii^g the increase of the moon there seems to be 
a greater disposition in the air for clear dry weather than 
in the wane ; but this disposition does not usually com- 
mence till about three or four days after the new moon, 
and ceases about three or four days after the full moon. 

The barometer should be observed at least three times 
in the day, or oftener, when the weather is changeable, in 
order to ascertain whether the mercury be stationary, 
rising, or sinking; for, from this circumstance, together 
with the direction of the wind, and the apparent state of 
the air at the time, is information to be collected; and a 
continuance of the same, or a sudden change of the weather 
to be foreseen. 

Lastly. The higher the mercury stands in the scale in 
each instance, and the more regularly progressive its mo- 
tion, the more conclusive will be the indication ; and the 
more the wind inclines towards the north or east points, 
the greater will be the disposition in the air for fair wea- 
ther. The indications of rainy weather wiU obviously be 
the direct reverse of those rules which predict fair weather. 
Frost is indicated in winter by the same rules that indicate 
- fair weather ; the wind being in or about the north or east 
points, and the thermometer sinking towards 32. A fall of 
snow seldom comes without a previous frost of some dura- 
tion, and is indicated by the sinking of the barometer. 
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especially if the mercury be below changeable, and the 
thermometer at or near the freezing point. When the 
temperature of the air is about 35, snow and rain some^ 
times tall together ; at a warmer temperature than 35, it 
seldom snows, or rains at a colder temperature. Thunder 
is presaged by the same rules which indicate rain, accom- 
panied by sultry heat; the thermometer being up to 75. 
Storms, hurricanes, and high Mrinds, are indicated by the 
barometer falling suddenly, or sinking considerably below 
much rain. The barometer is known to be rising or sink- 
ing, by the mercury having either a convex or concave 
surface : at any time, however, the weather may differ 
widely from the indications of the barometer, as it is 
sometimes known, to happen, that a particular spot is 
affected by local circumstances. After a long-continued 
series of wet weather, we may, when the weather becoites 
fine, expect an uninterrupted continuance of dry weather. 
If, after a long series of wet weather, the barometer rise 
above changeable, and the wind veer steadily towards the 
north or east points, a continued duration of fair weather 
may be expected. Slow and progressive variations in the 
barometer, with a fixed and steady state of the wind, indi- 
cate permanency with the change. 

^ The influence of heat will account for the semi-diurnal 
variations of the barometer, which are observed especially 
within the torrid regionis. From ten o'clock in the morn- 
ing till four in the afternoon, the mercury generally falls; ' 
but, aftei^ that hour, it rises again, till ten oVlock at night, 
when it sinks till four in the morning, and then ascends 
till ten in the morning. These regular changes, which 
amount to about the five-hundredth part of the whole at- 
mospheric pressure, depend on the prevalence of the alter- 
nating land and sea-breezes, occasioned by the diversified 

X 2 
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action of the sun's rays upon the earth and water. The 
accumulation of air is greatest at four o'clock in the morn- 
ing and evening, and the mercury then attains its highest 
point ; but it sinks lowest at ten o^clock in the morning 
and evening, when the incumbent mass has been the most 
reduced. 

The rq^ar decrease in the pressure of the atmosphere, 
wl^ch invariably arises from an increase of altitude,* has 
suggested the employment of the barometer as a test for 
ascertaining the heights of mountains. Its fitness for this 
purpose may readily be explained by reference to the me- 
chanical arrangement of the atmosphere, for we have seen 
that air possesses a gravitating force similar to that of all 
other fluids ; the lowermost layer, or that which is near- 
est to the surface of the earth, being pressed with the whole 
weight of that which is piled above. Now it will be evi- 
dent, that as we ascend a mountain, and as such, arrive at 
a higher stratum in the atmosphere, the column of ^ir will 
decrease in altitude, and^ consequently, its pressure will be 
diminished in a proportionate degree. So that, if we ob- 
serve the amount of fall which takes place in the barome- 
ter at a given height, a similar fall will indicate a similar 
altitude at any other period. 

We are indebted to Pascal for this application of Torri- 
celli^s tube. He made his first experiment in 1648, upon 
the Puy de Dome, a mountain 3565 feet in height, near 
Clermont, in France ; and in the course of his ascent, he 
found the column continue to descend, till, on attaining 
the summit, it had sunk three inches and a half, which 
may be considered as the difference of atmospheric pres- 
sure between the summit and base. 

At the surface of the earth, the mean density, or pres- 
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sure, is considered equal to the support of a column of 
mercury thirty inches high. 

At 1000 feet above the surface, the column falls to S8.91 
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0.95 



It may be proper to add, that the barometer descends in 
a geometrical ratio for equal ascents in the atmosphere, 
subject to a correction for the decreasing temperature of 
the elevation. 

It has been argued by some philosophers, that, how- 
ever excellent* this instrument is as an indicator of the 
weather, much surer indications may be drawn from 
the animal world* Their various motions, the uneasiness 
under which they labour, and the precautions they 
take previously to any atmospheric variation, not only 
strikingly discover the acuteness of their feelings^ and 
their extreme susceptibility of th6 impressions of natural 
causes, but also convey accurate prognostications of a 
change in the weather. That this was a circumstance not ' 
unknown to the ancients, is evident from several of their 
writings, and particularly from the Georgics of Virgil, in 
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which it is observed that cows and various other animals 
are uncommonly affected before run. Several others hfive 
also been remarked for this discriminating faculty; but 
the animal which appears, from a long series of regular 
and diligent observations, best entitled to notice^ is the 
horse-leech ; and it may be right to record a few remarks 
on its peculiarities. In fair and frosty weather it lies 
motionless, and rolled up in a spiral fcH'm at the bottom of 
the glass ; but prior to rain or snow, it creeps up to the 
top, where, if the rain is likely to be heavy, or of some 
continuance, it remtuns a considerable time ; if trifling, it 
quickly descends. Should the rain or snow be likely to be 
accompanied with wind, it darts about with amazing cele- 
rity, and seldom ceases until it begins to blow hard. If a 
storm of thunder and lightning be approaching, it is ex- 
ceedingly agitated, and expresses its feelings in violent 
convulsive starts, at the top or bottom of the glass or vessel 
in which it is placed. 

No person who has paid any attention to meteorology, 
can be ignorant of the great importance of ascertmning the 
precise quantity of moisture that exists in the atmosphere. 
There are a variety of instruments employed for this pur- 
pose, under the names of hygrometers or hygroscopes. 

The most simple hygrometer is formed of the beard of 
the wild oat. If this be attached to a graduated dial, and 
a piece of sCraw connected with the opposite end to serve 
as an index, the straw will be found to pass over the dial, 
and by its change of situation, mark the bygrometric 
character of the atmosphere. 

The substance which is found to possess by far the most 
delicate sensibility, ^nd extensive range as an hygrometer, 
is the internal membrane of the Arundo Phragmites. A 
small bag;, made of this membrane, is attached to the 
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Tower end of 9 thermometer tube, so as to form, as it were, 
its bulb. It is then filled with quicksilver^ which rises, 
or falls, in consequence of the contraction or dilation of 
the membrane, by any change of moisture ; and thelie 
changes are indicated upon a scale attached to the tube, 
the zero of this scale marking absolute humidity, and the 
other extremity of the scale absolute dryness. The lower 
end of the glass tube, instead of being merely inserted in 
the top of the bag, may pass through it, the quicksilver in 
the bag- communicating with that in the tube by one or 
more openings made through the sides of the tube. By 
this means, the bag is supported by this glass, and pre- 
vented from being injured by any slight accident; and the 
instrument is also less affected by any change of tempera^ 
ture. 

A convenient portable hygrometer may be made, by 
employing a slip of this membrane, and attaching its ex- 
tremities to the end of a lever, somewhat like the small 
pocket metallic thermometers. Although this membrane 
is not entirely free from the change to which all animal 
and vegetable substances are liable, yet hygrometers made 
of it possess a considerable degree of uniformity. 

Saussure contends for the superiority of human hair, 
for the purposes of hygrometers. Hair, he states, after it 
has been boiled in a weak alkaline lixivium, will expand 
by moisture :nearly l-40th of its length, and contract again 
by dryness ; and that it is less liable to lose this effect 
by time than most other substances, and is moreover, from 
its tenuity, very quickly brought to the same state as the 
atmosphere. On these accounts, he gave it the preference 
to other substances, and constructed his hygrometers with 
it accordingly. The principle of the construction . is to 
fasten one end of the hair to a fixed point, and the other 
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to the arbour of a small wheel, i^hich carries a fine needle 
at one extremity ; this needle points out, upon a gradu- 
ated circular arch, the hygrometric degrees. The hair 
is *> stretched by a counterpoise of three or four grains, 
suspended from the same arbour by a silk thread. 

The sponge-hygrometer is represented in the accompany- 
ing diagram. It consists of a sponge, suspended by a fine 




thread of silk upon the beam of a balance, and exactly 
counterpoised on the other side, by a weight, so adjusted, 
as to cause an index or hand to point to the middle of a 
graduated arch, when the air is in a middle state, or ra- 
ther, between the greatest moisture, and extreme dryness. 
Now, if the air become moist, the sponge growing heavier, 
will preponderate: if dry, it will, on the contrary, be rai^d, 
and show the increase or decrease of humidity in the air. 

To prepare the sponge, it may be advisable to wash it 
first in water, and afterwards in a saline solution, as the 
deliquescent salts will take moisture from the atmosphere 
more readily than the sponge without such a provision. 

Professor Leslie^s apparatus may be thus described. 
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A piece of fine-grained ivory, about an inch and a quarter 
in length, was turiied into an elongated spheroid, as thin as 
possible, weighing eight or ten grains, but cSapable of con- 
taining, at its greatest expansion, about three hundred 
grains of mercury ; and the upper end, which was adapted 
to the body by means of a delicate screw, had a slender 
tube inserted, six or eight inches long, and with a bore of 
nearly the fifteenth part of an inch in diameter. The in- 
strument being now fitted together, its elliptical shell was 
dipped into distilled water, or wrapped round with a wet 
bit of linen, and after a considerable interval of time, filled 
with mercury to some convenient point near the bottom of 
the tube, which forms the banning of the scale. The 
divisions themselves werfe ascertained by dividing the 
tube into spaces, which correspond, each of them, to the 
thousandth part of the entire cavity, and equal to the mea^. 
sure of about three-tenths of a grain of mercury. The or- 
dinary range of the scale included about seventy of those 
divisions. To the upper end of the tube was adapted a 
small ivory cap, which allowed the penetration of air, but 
prevented the escape of mercury, and thereby rendered the 
instrument tolerably portable! 

This hygrbscope was readily, though rather slowly, af- 
fected by any change in the humidity of the atmosphere. 
As the air became drier, it attracted a portion of moisture 
from the shell or bulb of ivory, which sufiering, in conse- 
quence, a contraction, squeezed its contained mercury so 
much higher in the tube. But if, on the contrary, the air 
inclined more to dampness,.the thin bulb imbibed moisture, 
and swelled proportionably, allowing the quicksilver to 
subside towards its enlarged cavity. These variations, 
however, were very far from corresponding with the real 
measures of atmospheric dryness or humidity. Near the 
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point of extreme dampneES, the alterations of the hygn>- 
scope were much augmented ; but they diminidied rapidly, 
as the mercury approached the upper part of the scale. 
The contraction of the ivory answering to an equal rise in 
the dryness of the air, was found to be six times greater 
at the beginning of the scale than at the seventieth hygro- 
scopic division ; and seemed, in general, to be inversely as 
the number of hygrometric degrees, reckoning from SO, be- 
low. Mr. Leslie placed, therefore, another scale along the 
opposite side of the tube, the space between the zero and 
the seventieth division of the hygroscope being distin^ 
guished into 100 degrees,* and corresponding to the un- 
equal portions from the number SO to ISO aa a logarithmic 
line. The scale might probably be extended farther by 
continuing the logarithmic diviaons. Thus, 3S0 degrees 
by the hygrometer, would answer to 108 of the hygro- 
scope, or to a contraction of 108 parts in a thousand in 
the capacity of the bulk. 

We are also indebted to Professor Leslie for a very 
ingenious, but fra^le instrument, called an atmometer. 

It is intended to measure the quantity of moisture ex- 
haled from any humid surface in a given time ; and con- 
dsts of a thin ball of porous earthenware, represented in 
the acccMmpanying figure. It is usually from one to three 
Inches in diameter, having a smaU neck firmly cement^ to 
a long tube of glass, to which is adapted a brass cap, with 
a narrow collar of leather to fit close. Being fiUed with 
pure or distilled water, the descent of this column serves 
to indicate the quantity of evaporation from the external 
surface of the ball. The tube is marked downwards, 
through its whole length, by the point of a diamond, 
with divisions across it, each of which corresponds to a 
ring of fluid that, spread over the whole exhaling sur- 
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'face, would form a film only one-thou- 
sandth part of an inch in thickness. This 
graduation is performed by previously 
sealing one of the ends of the tube with 
wax, and introducing successive portions- 
of quicksilver, to mark every twenty, fifty, 
or one hundred of those divisions ; being 
calculated of equal bulk to discs of wiater, 
that have the surface of the ball (exclu- 
sive of the neck) for their base, and so 
many thousand parts of an inch for their 
altitude. 

The instrument being thus constructed, 
has its cavity filled with pure water, and 
its cap screwed tight, and is then suspend- 
ed freely, out of doors, sheltered indeed 
from rain, but exposed to the action of the 
wind. The water transudes through the 
porous substance of the ball, just as fast 
as it evaporates from the external surface ; 
and this waste is measured by the corre- 
sponding descent of the liquid in the stem. 
At the same time, the column is suspend- 
ed in consequence of the tightness of the 
cap, and prevented from oozing so freely 
as to drop from the ball. As the process 
of evaporation goes on, minute globules 
of air, separated by the removal of atmos- 
pheric pressure from the body of the water, 
or partly introduced by external absorp- 
tion, continue to rise in fine streamlets to the top, where 
they partially occupy the space left by the subsidence of 
the Quid column. We need scarcely observe, that, after 
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the water has sunk to the bottom of the stem» it will be 
requisite again to fill the cavity. 

Mr. DanielPs hygrometer condsts of two thin glass bulls 
of 1^ inch diameter, connected together by a tube, having 
a bore of about l-8th of an inch. The tube is bent at 
right angles over the -two balls> and the arm contains a 
small thermometer, whose bulb, which should be of a 
lengthened form, descends into the ball. This ball, hav- 
ing been about two-thirds filled with ether, is heated over 
a lamp till the fluid boils, and the vapour issues at the 
capillary tube whi^h terminates the ball. The vapour 
having expelled the air from both balls, the capillary 
tube is closed hermetically by the flame of a lamp. The 
other ball is now to be covered with a piece of muslin. 
The stand should be of brass, and the transverse socket 
elastic, so as to hold the glass tube. A small thermometer 
is inserted into the pillar of the stand. 

The manner of using the instrument may be thus de- 
scribed. After having driven all the ether into the ball by 
the heat of the hand, it is to be placed in an open window, 
or out of doors, with the balls so situated, as that the sur- 
face of the liquid may be upon a leyel with the eye. A 
few drops of ether are then to be poured upon the covered 
ball. Evaporation immediately takes place, which pro- 
ducing cold upon the baU, causes a rapid and continuous 
condensation of the ethereal vapour in the interior of the 
instrument. The consequent evaporation from the in- 
cluded ether, produces cold in the ball, the^ degree of 
which is measured by the thermometer. This action is al- 
most instantaneous, and the thermometer begins to fall in 
two seconds after the ether has dropped. The artificial 
cold thus produced, causes a condensation of the atmo- 
spheric vapour upon the ball, which first makes its appear- 
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ance in a thin ring of dew coincident with the surface of 
the ether. The degree at which this takes place is to be 
carefully noted. A little practice may be necessary to 
seize the exa^t moment of the first deposition, but certainty 
is very soon acquired. It is advisable to have some dark 
object behind the instrument, such as a house or a tree, as 
the cloud is not so soon perceived against an open horizon. 
The depression of the temperature is first produced at the 
surface of the liquid where evaporation takes place, and 
the currents which immediately ensue to restore the equi- 
librium, are very perceptible. The bulb of the therfno- 
meter is not quite immersed in the ether, that the Une of 
greatest cold may pass through it. The greatest difference 
that Mr. Daniell observed in the course of four months^ 
daily experiments, between the external thermometer and 
the internal one at the moment of precipitation in the na- 
tural state of the atmosphere, was 20 degrees. In very 
damp weather, the ether should be slowly dropped upon 
the ball ; otherwise the descent of the thermometer is so 
rapid as to render it impossible to be certain of the degree. 
In dry weather, on the contrary, the ball requires to be 
well wetted more than once to produce the requisite de- 
gree of cold. 

Mr. Daniell proposes to employ the same apparatus for 
artificial atmospheres. The arrangement of his instrument 
for this purpose may be adverted to. It will be seen that 
the bell-glass is perforated at the side, through which the 
tube, proceeding from the ball placed under it, containing 
the thermometer, is passed, and welded with the tube pro- 
ceeding from the other ball on its exterior side, by means 
of a lamp : the stem is then secured in the side of the glass 
by means of cement^ and the ether boiled, and the capil- 
lary opening secured as before directed. The exterior ball 
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is then to be covered with muslin. In this way, the evapo- 
ration from the latter produces a corresponding degree of 
cold upon the ball under the bell-glass, and will measure 
the quantity of vapour included, by the precipitation, 
•which may readily be marked. The bygrometric pro- 
perties of any substance may thus be easily measured^ 
by placing it under the receiver, and marking the absorp- 
tion of the vapour. 

The following table may be considered as forming a fair 
average estimate of the hygrometric state of the atmo- 
sphere : 



January 

February 

March 

April 

May . 

June 

July . 

August ' 

September 

October 

November 

December 



7.93 
8.52 
10.S7 
11.39 
12.38 
13.10 
12.42 
12.68 
11.72 
11.15 
10.02 
975 



HOWARD'S CLASSIFICATION OF CLOUDS. 31^ 

In connexion with the subject now under consideration, 
we may ^lace Mr. Howard^s classified view of the clouds^ 
These vaporous exhalations appear to be generally sus* 
tained in the atmosphere by the united agencies of heat 
and electricity. 

Gay Lussac ascribes the suspension of clouds to ascend- 
ing currents, which push them upwards, until this force is 
balanced by the weight of the cloud. A soap-bubble, he 
remarks, will not rise in a room, but will descend directly 
when left to its own weight ; but if the bubble is blown in 
the open air above a heated soil, it will rise tp a consider- 
able height. 

The different forms of the clouds are thus described : — 

1. Cirrus. — :A cloud resembling a lock of hair, or a 
feather, with diverging fibres. 

2. Cumulus, — A cloud which increases from above, in 
dense, convex, or conical heaps. 

8. Stratus. — An extended, continuous, level, sheet of 
cloud, increasing from beneath. 

These three, Mr. Howard denominates simple and dis- 
tinct modifications, constituting the elements of every other 
variety ; the two next are of what he calls an intermediate 
nature. , . 

4, Cfrro-CMWiM/M5.— A connected system. of small round-, 
ish clouds, placed in close order, or contact. 

5. Cirro^iratus. — A horizontal, slightly-inclined sheet, 
attenuated at its circumference, concave downwards, or un- 
dulated. 

Lastly, says Mr. Howard, there are two modifications 
which exhibit a compound structure, viz. :— 
' 6. CumulO'Stratus. — A cloud in which the structure of 
the cumulus is mixed with that of the cirro-stratus, or 
cirro-cumulus; the cumulus flattened at top, and over- 
hanging its base. 
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7. Mmiia.— A dense cloud, spreading out into a crown 
of cirrus, and passing beneath into a shower. In addition 
to these general definitions^ the following is an abridge- 
ment of Mr. Howard^s illustrations : — 

The cirrus is always the least dense, and generally the 
most derated modification, sometimes covering the whole 
face of the sky with a thin transparent veil, and at other 
times forming itself into distinct groups of parallel lines, 
or fibres. Its height,- according to Mr. Dalton, is from 
three to five miles above the earth^s surface. It is ge- 
nerally found io precede windi When formed into horizon- 
tal sheets, with streamers pointing upwards, it indicates 
approaching rain ; with depending fringe-like fibres, it is 
found to precede fair weather. 

The cumulus is generally of a dense structure, and 
appears, after a clear moriiing, increasing from above, 
where its surface is convex, and forming at its greatest 
magnitude a pile of irregular semicircular clouds. This 
takes place about the time of the greatest heat of the 
day, and gradually diminishes towards evening, when it 
sometimes perceptibly evaporates : in this case it is an indi- 
cation of the finest weather. 

The cirro-cumulus appears to be formed by the descent 
of the cirrus, the oblique denser tufts of the latter changing 
into the spheroidical form, when the cloud assumeis the ap^ 
pearance of a ball of flax, with one end left flying out. 
The cirro-cumulus sometimes consists of distinct beds, 
floating at different altitudes, the clouds appearing smaller 
and smaller, till they are lost in the blue expanse. It is 
most frequent in summer, and, when permanent, affords 
one of the surest indications of an increa^ng temperature, 
and fine weather. 

The cirro-stratus assumes various appearances, from its 
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being frequently connected with other modifications. By 
itself, it is always an attenuated sheet or patch, of an Mpu 
form hazy appearance when viewed overhead, and of 
great apparent density towards the horizon. In this 9tate, 
it gives rise to the phenomena of halos, mock-suns, &c. 
and indicates a depression of temperature, wind, and rain. 
When it alternates with cirro-cumulus, the prognostic is 
doubtful. It is frequently seen resting on the summit of 
high hills, and, in this state,. has been long regarded as 
foreboding rainy weather. 

. The cumulo-stratus is that fleecy cloud which is some- 
times observed to settle on the summit of a cumulus, 
while the latter is increasing from beneath. It usually 
prevails in an overcast sky, and apparently without any 
regard to temperature, as it is found to precede ei^er a 
fall of snow, or a thunder-storm. Before a storm, it is 
frequently to be seen in different points of the horizon, ra- 
pidly swelling to a great magnitude. Its indication is 
doubtful, and must be determined by the prevalence of 
the other modifications that accompany it. 

The nimbus generally aippears in the form of a dense, 
inverted cone of cloud, the upper part of which spreads in 
one continued sheet of cirrus to a great distance from 
where the shower is falling. When the total evaporation 
of the cloud takes place after the shower, it is reckoned a 
prbgnostic of fair weather. When the nimbus appears by 
itself, it generally moves with the wind ; but when formed 
in the midst of cumuli, it sometimes moves in a contrary 
direction. This is often the case with thunder-showers. 
From the hygrometer, we naturally pass to the raif^ 

goge. 

This useful instrument may be constructed in so simple 
a form, as to be accessible to every meteorological observer. 

VOL. II. Y 
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THK RAIN-GAGE. 




In the accompanying figure, it is seen to consist- of a fun- 
nel m, attached to the top of a cylindrical 
ressel b. The bottom a c, is furnished with 
a stop-cock to draw off the water when full, 
and also to open a communication with the 
graduated glass tube d. The tube is.di^ 
vided into parts, so as to register the quan- 
tity of water that enters the Tessel, and so 
proportioned, as to compensate for the dif- 
ference between the sizes of the funnel and 
cylinder. 

In fixing rain-gages, care should be taken 
that the rain may have free access to them, 
without being impeded or overshaded by any 
adjacent building. It may be proper also to add, that 
when the quantities of rain collected in them, in differ- 
ent places, are compared together, the instruments ought 
to be fixed at the same height above the ground at both 
places ; because at different heights the quantities are al- 
ways different, even in the same place. And hence, also, 
any register or account of rain in the gage, ought to be ac- 
companied with a note of the height at which the instru- 
ment is placed above the ground. Dalton found the rain 
of a gage fifty yards high, in summer, two-thirds, and in 
winter, one-half as much as that of a gage below. The 
above ingenious experimentalist adds, that a strong funnel, 
,made of sheet-iron, tinned and painted, with a perpendicu- 
lar rim, two or three inches high, fixed horizontally in a 
convenient frame, with a bottle under it to receive the rain, 
is sufiicient for this purpose. 

The origin of mists must be sufliciently obvious to any 
person at all acquainted with meteorological phenomena, 
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and we only notice the subject, to direct attention to 
Sir Humphrey Davy^s elegant and simple theory. Ac^ 
cording to this em^ent chemist, land and water are 
cooled after sunset in a very different manner. The im- 
peeasion of cooliog on the land is limited to the surface, 
and is very slowly transmitted into the interior. Whereas, 
in water, the upper stratum, when co(ded, descends, and 
has its place supplied by warmer water from below. The 
surface of water will, therefore, in. calm and clear weather, 
and in temperatures above .45'' Fahrenheit, be warmer than 
that of the contiguous land; and, consequently, the air 
above the land will be cooler than that above the water. 
When the cold air, therefore, from the land, mixes with 
that above the water, both of them containing their due 
proportion of aqueous vapour, a mist, or fog, must be th^ 
result.*. 

There are mists which occasionally occur of a very pe- 
culiar character. They are sometimes attended by a smell, 
resembling that which is occasioned by an electric spark. 
There must^ indeed, frequently be a multiplicity of sub- 
stance!^ of various kinds floating in the air : the wind has 
been found to carry the farina of plants as far as thirty or 
forty miles, and the ashes of a volcano more than two hun- 
dred. It i^ only necessary that the magnitude of the par- 
ticles should be exceedingly small, in order to render them 
incapable of falling with any given velocity ; and when this 
velocity is very trifling, it may easily be overpowered by 
any accidental motions of the air. The diameter of a 
sphere of water, falling at the rate of one inch only in ^ 
second, ought to be one six hundred thousandth of an 
inch, which is about the thickness of the upper part of a 



* Pbiiosophical Transactions, iSlQ, Part 1. 
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AND HAIL. 



•osp-lmbble at the iostaat when it bunts; but the particles 
of mist are incomparably larger than this, since they would 
otherwise be perfectly invisible as separate drops : the least 
particle that could be discovered by the naked eye, being 
sudi as would fall with a velocity of about a foot in a se^ 
cond, if the air were perfectly at rest. But it is very pro- 
bable that the resistance opposed to the motion of particle^ 
so small, may be considerably greater than would be ex- 
pected firom a calculation derived frcMU experiments made 
on a much larger scale, and their descent consequendy 
much slower. 

When the particles of mist are united into drops capable 
of descending with a considerable velocity, they constitute 
rain ; if they are frozen during their deposition, they exhi- 
bit die appearance of a perfect crystallization, and become 
snow : but if the drops already formed are frozen, either 
by means of external cold, or on account of the great 
evaporation produced by a rapid descent through very dry 
air, they acquire the character of hail,* which is often 



* Mr. Dalton furnishes the following averSge statement of the 
number of days on which hail was observed in each succeeding month 
through the year. 



Months. 

January 

February 

March 

April 

May . 

June 

JuJy . 

August 

September 

October 

November 

December 



• • • 

• . • 

• • • 



Ko. of dajs oa which 
haU was obsenred. 

11 

7 
5 

8 

11 
6 

S 

1 . 

6 

7 

7 

IS 
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observed in weather much too hot for the formation of 
snow. 

The phenomenon of red snow is so singular, that a few 
facts connected with the subject, from observations made 
by the Prior of the convent of Great St. Bernard, jnaj 
with propriety be appended. He says that it is found at 
the heights of Buet, St. Bernard, Col de la Seigne, and 
Bonhomme ; and also above and below^ if masses exist large 
enough to remain through the summer. It is found some- 
times on the glaciers. It is most abundant after strong 
winds from the west and south-west, and is most abundant 
as the summer advances, though no one has seen it fall. 
The Prior thinks it is earthy and ferruginous ; that it is 
caused by partides brought by the winds, or sometimes by 
currents of water. It is not to be obtained before the 
middle of June. 

Two portions of this coloured snow were fufmished by 
the Prior to M. Peschier, who analysed them. One had- 
an earthy appearance, and a ferruginous dirty-yellow co- 
lour: when heated, it lost a tenth of its weight, and deep- 
ened iu colour. 100 parts gave 



Silicious matter 
Alumine 
Peroxide of fron 
Organized matter - 



65.5 
6.35 

21.86 
6.8 



100 



The other specimen appeared like a coarse vegetable 

. earth, in which the eye could distinguish fragments of 

liche% &c. It came itom a spot of red snow, above which 

a red tint was observed, supposed by the Prior to be 

caused by the decomposition of a cryptogamous plant: 
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thb kilid of snow u nure, and ocean only in anall spots. 
When stnyngly heated, it gave out vegetable fumes, and 
100 parts lost 40. The residuum was of a brilliant violet 
colour. 100 parts, on analysts, gave 

Insoluble matter - » . . 80. 
Alumine ..... 425 

Peroxide of iron - - - - 81.25 
Zinc ---.-- .5 

Insoluble oiganLeed matter - - 37.5 

Soluble organized matter - - 6.5 



100. 

The instruments that are employed to ascertain the 
comparative temperature of various bodies, must now be 
examined. 

The thermometer will in the first instance occupy our 
attention. 

A common thermometer consists of a tube terminated at 
one end by a bulb, and closed at the other. The bulb 
and part of the tube are filled with a proper liquid, gene- 
rally mercury, and a scale is applied, graduated into equal 
parts. Whenever this instrument is applied to bodies of 
the same temperature, the mercury being similarly expand- 
ed^ indicates the same degree of heat. 

In dividing the scale of a thermometer, the two fixed 
points usually resorted to, are the freezing and boiling of 
water, which always takes place at the same temperature, 
when under the same atmospheric 'pressure. The inter- 
mediate part of the scale is divided into any convenient 
number of degrees ; and it is obvious, that all thermome- 
ters thus constructed, will indicate the same degree of 
heat when exposed to the same temperature. In the cen- 
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tigrade thermometer, this space is divided into l(Kf ; the 
freezing of water being marked 0°, the boiling point 100". 
In this country we use Fahrenheit's scale, of which the 0** 
is placed at 82^ below the freezing of water, which, there- 
fore, is marked 8S°, and the boiling point S12% the inter- 
mediate space being divided into 180°. Another scale. is 
Reaumur's, the freezing point is 0°, the boiling point SO*"* 
These are the principal thermometers used in Europe. 

It may be proper to state, that the spirit of wine ther« 
mometer is usually employed for very low temperatures, 
as mercury may be frozen in the' atmosphere ;* whilst mer- 
cury, on the contrary, is best calculated for high temperaF- 
tures, as its point of ebullition is little short of a red heat. 

* In the year 1780, Mr. Van Ellertein, of Vytegra^ in Russia, froze 
quicksilver by natural cold. This occurred on the 4th of January, 
the thermometer being at 34^ of Fahrenheit's scale. Eicpecting such 
a result, he placed three ounces of very pure quicksilver in a china 
teacup, covered with paper pierced full of holes. On examining it 
the next morning, he fouud the mercury solid, and looking like a 
piece of cast-lead, with a considerable depression in the middle. On 
attempting to loosen it in the cup, his knife raised shavings from it : 
and at length, the metal separated from the bottom of the cup in one 
mass. He then took it in his hand to try if it would bend : it was stiff 
like glue^ and broke into two pieces ; hut his fingers immediately lost 
all feeling, and could scarcely be restored in an hour and a half by rub- 
bing with snow. At eight o'clock, the thermometer stood at 5?^; but 
byhalf after nine, it was risen to 40<'; and then the two pieces of 
mercury which lay in the cup, had lost so much of their hardness^ 
that they could no longer be broken, or cut into shavings, but reseih'* 
bled a thick amalgam, which, though it became fluid when pressed 
by the fingers, immediately afterwards resumed its original character. 
With the thermometer at 39, the quicksilver became fluid. The cold 
was never less on the 5th than 28, and by nine in the evening it had 
increased again to 33. This experiment, as well as those of Mr. 
Cavendish, seem to fix the freezing point of mercury at 39 or 40 of 
Fahrenheit's thermometer, which h72^ below the freezing point 
of water. 
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The principal thermoiiietric scales in Europe aie^ as we 
bare already^ slated, Fahreiilieit's» which oommenoes at the 
temperature pruduoed by mixiiig snow and salt, and whidi 
is iSS^ below the freezing of water, so that the latt^ pcnnt 
is marked S2°, and the boiling point SIfP*, the intermedi- 
ate space being divided into ITS" ; Reaumur^ in which 
the zero is the freezing point, and W the bcnling point ; 
and the centigrade, in which the space between the fireez- 
ing and boiling of water is divided into 100". 

Each degree of Fahrenheit's scale is equal to 4-9ths of a 
degree on Reaumur's ; if, therefore, the number of degrees 
on Fahrenheit*s scale, above or below the freezing of water, 
be multiplied by 4, and divided by 9, the quotient will be 
the corresponding degree of Reaumur. 

Fahrenheit. Keaomar. 

68"— S«°= 86 X 4f=1 44-j.9=16". 
212"— S2"=180 X 4=720^9=80". 

To reduce the degrees of Reaumur to those of Fahren- 
heit, they are to be multiplied by 9, and divided by 4. 

Reaamar. Fahrenheit. 

ie"x9=144-^4= 86+82"= 68. 
80" X 9=720-5-4=180 + 82"=212. 

Every degree of Fahrenheit is equal to 5-9ths of a de- 
gree on the centigrade scale ; the reduction, therefore, is as 
follows : 

FahrenheiU CepUgnde. 

212"— 32=180 X 5=«900-f-9=100". 

Centigrade. Fahrenheit. 

100 X 9=900-r 6=180 +82=212". 
In mercurial thermometers with a perfect vacuum above 
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the mercury, M. Flanguer^ues has observed, that the 
freeadng point has graduaUy risen nine-tenths of a degree, 
and has gone on increasing for years. He attributes this 
to a permanent change of form, produced by the constant 
pressure of the atmosphere on the bulb. He therefore re- 
commends, that the thermometers should be made with 
open terminations. The same fact had been long before 
observed by M. Angelo Bellani, who illustrates the matter 
by the following experiment. ** Take a mercurial thermo- 
meter, which has not been exposed for some months to 
temperatures near that of boiling water, and whose degrees 
are at least a line long, so that tenths of a degree can be 
easily seen. HaviAg carefully marked the freezing point, 
plunge it in boiling water, and upon replacing it in melt- 
ing ice, it will be found, that the freezing point has sunk 
1-lOth bf a degree, in consequence of the expanded glass 
,not having resumed accurately its original form.'* 

If a bulb of a thermometer be suddenly squeezed be- 
tween the finger and the thumb, the mercury will rise in 
the stem several degrees, and will again sink as quickly 
after the pressure is removed. To prevent any derange- 
ment from communication of heat, the hand may be co- 
vered with a thick glove. This is a very important fact 
and it may be shown in a less exceptionable way : — ^let a 
mercurial thermometer, with a large bulb and a long stem» 
be first held upright, and then immediately inverted; be- 
tween these two positions the column of mercury will de- 
scend through a visible space : thus proving, that a vari- 
able pressure in the atmosphere, or mercury, will produce 
anomalies in the thermometer. 

Mr. Breguet's thermometer consists of slips of two me- 
tals, unequally expanded by heat, twisted into a spiral: to 
the extremity of the spiral is fixed an index, which moves 
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round a graduated circle, pointing out the temperature. 
It is obvious, that when the spiral is heated, the index will 
move in one direction, and in another when the sjnral is 
cooled, because it will twist or untwist itself according to 
the changes of temperature to which it is subjected. The 
two metals employed, are silver and platinum ; and in or« 
der to render the extreme points more fixed, and to pre- 
vent sudden starts, a slip of gold, the expansibility of 
which is intermediate between that of silver and platinum, 
is soldered between these two metals. This thermometer 
is more delicate than any mercurial thermometer whatever. 
It is even more delicate than an air-thermometer. This 
spiral-thermometer, and a mercurial one^ were placed to- 
gether under the receiver of an air-pump. The tempera- 
ture at the time of' the experiment was 66.2^. The mer- 
curial thermometer, when the air was pumped out, sunk 
S.6° ; but the spiral thermometer fell 41.4% and descended 
to 24.8* Fahrenheit. 

^ The differential thermometer invented by Professor Les- 
lie, consists of two tubes, each terminating in a small bulb 
of similar dimensions; a small portion of dark-coloured 
fluid formed of sulphuric acid tinged with carmine, having 
previously been introduced into one of the balls. The in- 
strument is then fixed on a stand, and furnished' with a 
graduated scale. When the column is Equally pressed in 
opposite directions, the fluid will point at zero, and what* 
ever heat may be applied to the whole instrument, pro- 
vided both bulbs receive it in an equal degree, the fluid 
must remain at rest. But if the one ball receives the 
slightest excess of temperature, the air which it contains 
will be proportionally expanded, and the column wiH be 
, depressed with a force equal to the diiFerence between the 
temperature of the two balls. 
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A. self -registering thermometer is a most important in- 
strument, and as such, must not be passed unnoticed* It 
is employed to indicate the extreme changes that occur in 
the temperature of the air. Dr. Rutherford employed 
two thermometers. The *one which marks the minimum, 
is filled with alcohol ; and the other, which^indicates the 
maximum, is filled with quicksilver: and they are both at- 
tached to the same frame, or, what is still better, affixed 
to separate frames, placed nearly horizontal, or radier, 
elevated about five degrees, to prevent the separation of 
the thread of liquid. The tubes have bores from the 
twenty-fifth to the fifteenth part of an inch wide, and in- 
clude a minute tapered or conical piece of ivory, or of 
white or blue enamel, about half an inch long.. This 
mark having in either thermometer its base turned to- 
wards the bulbs, is drawn to the lowest point by the al> 
cohol, which again freely, pksses it; but it is always 
pushed forward to the highest limit by the mercury, 
which afterwards leaves it. , 

Mr. Crichton has contrived a self-registering thermome- 
ter, s(xnewhat similar to that of M. Breguet ; consisting of 
two oblong slips of steel and zinc, firmly fixed together by 
their faces ; so that the greater expansion or contraction 
of the zinc, over those of the steel, by the same variations 
of temperature, causes a flexure of the compound b^r. 
As this is secured to a board at one end, the whole flex- 
ure is exercised at the other, on the short arm of a lever 
index, the free extremity of which moves along a gra- 
duated arc. The instrument is originally adjusted on a 
good mercurial thermometer ; and the movements of the 
9LXm are registered by two fine wires, which are pushed be- 
fore it, and left at the maximum deviation to the right or 
left of the last observed position, or temperature. 
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The pyrometer is employed to indicate hi^^wr degrees 
of temperature than the iDstruments hitherto described; 
and although it is not essentially a meteorological instru- 
ment, its construction is much too important to be passed 
unnoticed. 

One of the earliest ^struments invented tor ascertajniag 
the amount of expansion in scJid bodies, was suggested by 
Muscbenbroeck : it was, however, liable to some serious 
objections ; and the accompanying figure represents Mr. 
Ellicott's improvements on the apparatus. 



This instrument is formed of a flat piece of brass A, at- 
tached to a thick piece of mahogany. Upon this plate are 
screwed three pieces of brass, two of which, B B, serve to 
support the flat iron bar C, called the standard bar. Tbe 
upper part of the third piece of brass is a circle, D, about 
three in^ches in diameter, divided into three hundred and 
sixty equal parts, or degrees : within this circle is a move- 
able plate d, divided likewise into three hundred and sixty 
parts, and a small steel index hand. The bar of metal, E, 
upon which the experiment is to be made, is laid on the 
standard-bar. F, is a lever two inches and a half long, 
fastened to an axis, which turns in two pieces of brass, 
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screw^ to one of the supports B. To the end of this lever 
is fastened a chain, or silk line, which, after being vouM 
round a small cylinder, to which the index in the brass 
circle, D, is fastened, passes over a pulley with a weight 
hung to the end of it. Upon the same axis as the lever, is 
placed a pulley a .quarter of an inch in diameter, to which 
a piece of watch-diain is fastened, the other end of which ii 
hooked to a strong spring at G, which bear9 against one 
end of the metal E. H is a lever, exactly of the same 
form and dimensions with the other ; but the chain fasten- 
ed to the pulley on its axis, is hooked to the standard bar. 
The line fastened to ^ the end of this lever, after being 
wound round a cylinder, to which the moveable plate is 
fixed, passes over a small pulley, and has a weight hung to 
the end of it ; or rather the same line, passing under a 
pulley, to which the weight is hung, has its other end fas- 
tened to the lever F, so that one weight serves for both 
levers. From this description, it will be obvious that 
whenever the bar E is lengthened, it gives lilierty to the 
weight to draw the lever F upwards, by its action on the 
spring G ; and the index will, at the same time, by means 
of the silk line, be carried forward in the circle ; and as the 
bar shortens, it will return ^back again : the same motion 
will be communicated to the standard-bar. When the bar 
is lengthened the twentieth part of an inch, the index will 
be carried once round the brass circle, which is divided in- 
to three hundred and sixty degrees; and therefore, if the 
metal lengthens the 7200dth part of an inch, the index 
will move one degree. In order to make an experiment 
with this instrument, lay a bar of any kind of metal, as E, 
on the standard bar, then heat this bar to any degree of 
heat with a lamp, and mark the degree of its expansion, as 
indicated by the moveable plate ; observe also the^legree of 
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expannon of the metal £, by the heat conununicated to it 
from the standard-bu, aa marked on the bnus circle by the 
index ; let the instrumeiit stand till the whole is thoroiig^y 
cold : then removing the bar E, lay any uthera succeamvely 
in its place, and proceed exactly as before ; and thus the 
degrees of expansion of different metals by the same degree 
of best may be estimated. 



Ferguson's pyrometer indicates the expanaon of metals 
to the 45,000dtb part of an inch. The upper surface of 
this machine is represented in the above figure. Its &ame, 
B C D, is made of mahogany, on which is a circle, divided 
into three hundred 'and sixty equal parts: and within that 
circle is another, divided into eight equal parts. If the 
short bar E be pushed one inch forward, (or towards the 
centre of the circle,) the index e will be turned 186 times 
round the circle of 360 parts or degrees. As 1S5 times 
S60 is 45,000, it is evident, that if the bar £ be moved 
only the 46,000dth part of an inch, the index will move 
one degree <^ the circle. But,, as in this pyrometer the 
cirde is nine inches in diameter, the motion of the index is 
visible to half a degree, which answers to the 90,000dth 
part of an inch in the motion of the short bar £. 

One end of a long bar of metal, F, is laid into a hollow 
place in a piece of iron, G, which is fixed to the frame of 
the machine ; and the other end of this bar is laid against 
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the end of the short bar £. over the supporting crosft-bar 
H I : and, as the end, f^ of the long bar is placed close 
against the end of the short bar, it is plain, that if F ex* 
pands, it will push E forward, and turn the index e. 

The machine stands upon four short pillars, hi^ enough 
from a table, to let a spirit lamp be put on the table under 
the bar P ; and^ when that is done, the heat of the flame of 
the lamp expands the bar, and turns the index. 

There are bars of different metals, as silver, brass, and 
iron, all of the same length as the bar F, for trying experi- 
ments on their various expansive powers. 

The inside of this pyrometer is constructed as follows : 




In the above figure, A o is the short bar, which moves 
between rollers ; and, on the side a, it has fifteen teeth in 
an inch, which revolve in the leaves of a pinion, B, (twelve 
in number,) on whose axis is the wheel C, of one hundred 
teeth, which move in the ten leaves of the pinion D, fur- 
nished with a wheel E, of one hundred teeth, connected 
with the pinion F, of ten leaves, and on the top of this 
axiB is placed the index-hand. 

Now, as the wheels C and E have one hundred teeth 
each, and the pinicms D and F have ten leaves each, it is 
plain, that when the wheel C turns once round, the pinion 
F, and the index on its axis, will turn one hundred times 
round. But, as the first pinion B has only twelve leaves, 
and the bar A a, that turns it, has fifteen teeth in an inch, 
which is twelve and a fourth part more, one inch motion 
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of the bar will cause the last pinion F, to turn one hun- 
dred times round, and a fourth part of one hundred over 
and above, which is twenty-five. So that if A a be pushed 
one inch, F will be turned one hundred and twentj-five 
times round. 

A silk thread is tied to the axis of the pinion D, and 

wound several times round it; and the other end of the 

thread is tied to a piece of slender watch-spring G, which 

is fixed in the stud H : so that as the bary* expands, and 

^ pushes the bar A a forward, the thread winds round the 

axle, and draws out the spring ; and as the bar contracts, 

the spring pulls back the thread, and turns the work the 

contrary way, which pushes back the short bar A a against 

the long baryi This spring always keeps the teeth of the 

wheels in contact with the leaves of the pinions, and so 

prevents any shake in the teeth. 

In the former figure, the eight divisions of the inner cir- 
cle are so many thousandth parts of an inch in the expan- 
sion or contraction of the bars; which is just one- thou- 
sandth part of an inch for each division moved over by the 
index. * 

The ingenious Mr. Wedgwood, so well knovm for his 
various improvements in the difiPerent sorts of pottery- ware, 
also contrived an instrument for measuring the higher de- 
grees of heat. This was effected by reference to a distin- 
guishing property of argillaceous bodies, namely, their di- 
minution in bulk by fire. This diminution commences at a 
low red-heat, and proceeds regularly, as the heat increases, 
till the clay becomes vitrified. The total contraction of 
some clay being considerably more than one-fourth part of 
their entire dimensions. Some of the purest Cornish porce- 
lain clays seem the best adapted, both for supporting the 
intensity, and measuring the degrees of heat. This ma- 
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teriftl is prepared for use by washing it over, and, whikt 
in a diluted state, passing it through a fine lawn aieve: 
it is then dried and put up in boxes. The dry qlay is 
then softened for use, with about two-fifths its weight 
of water, and formed into small pieces, in moulds of me- 
tal, six-tenths of an inch broad, with the sides exactly 
parallel ; about four-tenths of an inch deep, and an inch 
long. 

For measuring the diminution which they have suffer- 
ed from the action of fire, another gauge is made of two 
pieces of brass, twenty-four inches long, divided into 
inches and tenths, fixed five-tenths of an inch asunder 
at one end, and three-tenths at the other, upon a brass 
plate; so that one of the thermometric pieces will just 
fit in the wider end. If this piece be supposed to have 
diminished in the fire one-fifth of its bulky it will then 
pass on to half the length of the gauge ; if diminished 
two-fifths^ it will go on to the narrowest end ; and in any 
intermediate degree of contraction, if the piece be slid 
along till it rests against the converging sides, the degree 
at which it stops will be the measure of its contraction, 
and consequently of the degree of heat it has undergone. 

The pyrometer invented by Mr, Daniell is very simple 
in its construction, is easily repaired when injured, and 
will extend the scale of the thermometer as far as the 
fusing point of cast-iron. It distinctly indicates a change 
of about seven degrees of Fahrenheit's scale. 
. The. instrument consists of a bar of platinum, 10^ inches 
long, and 0.14 of an inch in diameter. It is placed in a 
tube of bl^k-lead, and the 4Mference between the ex- 
pansion of the platinum bar, and' the black-lead tube, is 
indicated upon a circular scale, by means of a fine plati- 
num wire, one-hundredth of an inch in diameter, whi^ch 
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u fixed (o the end of the platinum bur, and is coiled 
tliiee or four timet round the axis of a small wfaed, fix- 
ed at the back of the drcubur scale. The other end of 
the nudl phuinum wire is bent back, and attached to the 
extremity of a slight spring, which keeps the wire in a 
state of extension. The axis of the wheel is 0.06S of 
an inch in diameter, and the wheel itself is toothed, and 
plays in the teeth of another smaller wheel, whose dia^ 
meter is one-third of the first, and which has oDe*thiid of 
the number of teeth. An index fastened to the axis of 
the small wheel, indicates the temperature €m a circular 
scale, which is divided into 360°. Instead of passing the 
platinum wire round tiie axle of the first whed, it has 
been found better in practice, to attach a short fiSkea 
thread to its extremity, and pass that round, and fix it 
to the sjNring. 

Of all the vital phenomena, there is none at first sight 
mcNre remarkable than tiiat which animals possess of resist- 
ing tiie extremes of temperature. 

It may be observed, that the heat of the body continues 
at nearly the same degree, though the temperature of the 
atmosphere is continually varying, so that a man is able to 
Uve, and to preserve the temperature of his health, either 
on the burning sands of Africa, or the frozen plains of 
Siberia. 

The alterations of temperature which the human body 
has been known to bear, without any fatal, or even bad 
effects, are not less than 400° or 600° of Fahrenheit. The 
natural heat of the human body, in a healthy state,, is 
about 96° or 97°. In the West Indies, the heat of the at* 
mosphere is often at 100°, and sometimes rises ev^ to ISO'' 
above the temperature of the human body ; notwithstand* 
ing which, a thermometer introduced beneath the tongue, 



HEAT AND COLD BOBNE BY MAN. 33?> 

Stands at 96^ or 97^ The inhabitants of the hot regions 
of Surinam support, without inconvenience, the heat of 
their climate. We are assured, that in Senegal, about the 
latitude of 17% the thermometer in the shade generally 
stands at 108% without any fatal effects to men or animals* 
The Russians often live in places heated by stoves to 
IIC^; and some philosophers in this country, by way of 
experiment, remained a considerable time in a room^ heat* 
ed above the boiling point of water. 

On the other hand, an equal excess of cold seems to have 
no' greater effect in altering the degree of heat proper to 
igdimal life. Delisle has observed the temperature in Si« 
beria 70" below the zero <^ Fahrenheit's scale, notwithstand*- 
ing which, animals lived. Gmelin has seen the inhabitants 
of Jeniseisk, under the 58th degree of northern latitude^ 
sustaining a degree of cold, which in January became so 
severe, that the spirit in the thermometer was 116^ below 
the freezing point. Professor Pallas, in Siberia, and our 
countrymen at Hudson's Bay, have experienced a nearly 
similar degree of cold. 

Frosts often occasion a diminished supply of water in 
natural springs and wells. This is sometimes erroneously 
accounted for, by supposing that the water freezes in the 
bowels of the earth. But this is a mistaken view of the 
matter, as the most intense cold of a Siberian winter would 
not freeze the ground two feet in d^th ; but a very mo- 
derate frost will consolidate its entire surface, and make it 
impervious to the air. When this hi^pens, the water 
which was filtering through the ground^ is arrested and 
kept suspended in its capillary tubea by the pressure of 
the air.* 

* * The expansion of water during congelation, must of necetsiCy 
occasion the bursting of those pipes in which it is imprisoned ; and 

2 2 
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Having seen that heat expands all bodies that are 
brought within the sphere of its operation, whilst the 
absorption of caloric produces an opponte effisct; we may 
BOW proceed to examine the phenomena of aerial curr^its, 
and the instruments that are employed for ascertaining 
their velocity. 

We may commence with air in motion, or wind, which is 
a stream or current of air ; and artificial winds, on a small 
scale, may be observed every day, in the currents of air 
that occur in our houses. Smoke ascends in chimneys 
merely from its admixture with heated air, and if a cur- 
rent of air is made to pass up a chimney by means of a fire 
in a room, the deficiency will immediately be made good 
by fresh air passing through the open doors and crevices. 
Indeed, it is found that a double current of air prevails in 

this peculiar effect of a reduced temperature has been sometimes ad- 
vantageously employed in rending masses of stone, and other pur- 
poses connected with the arts. The experiments of Colonel Wil- 
liams on this subject are curious and interesting. These experi- 
ments were made in America, the climate of which was admirably 
adapted for the purpose ; and . he found that, when a bomb-shell 
was 6lled with water, and a plug driven in with a sledge-hammer, a 
few hours' frost would so expand the water, as to project it to a 
dbtance of four or five hundred feet. When the plug was screwed 
in, so as to prevent a possibility of its being expelled, the shell was 
sent asunder, and a thin film of congealed water invariably driven 
out. 

' A great inconvenience arises from the freezing of water in the 
pipes employed for hydraulic purposes, particularly in the small tubes 
which connect the street mains with the cisterns in the metropolis. 
This, however, may be readily obviated by substituting a valve in the 
main pipe for the present ball-cock : so that the small pipe may be 
drained of its contents by placing it in an inclined direction : or the 
tame effect may be produced by di^ensing with the ball-cock altoge- 
ther, and the pipe will empty itself when the main ceases to furnish a 
supply. It will, however, be evident, that a considerable waste of 
water wiU result 
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all rooms which are heated beyond the temperature of at- 
mosphere : the light .air which occupies the upper part 
rushing outwards, while the cold air enters beneath.* 

The different winds may, be reduced to three classes, 
yiz. general, periodical, and variable winds. 

The general winds are usually called trade-winds. They 
always blow nearly in the same direction. In the open 
seas^ that is, in the Atlantic and Pacific Oceans, under the 
equator, the wind is found to blow almost constantly fiorxk 
the eastward : this wind prevails on both sides of the 
equator, to the latitude of 9^» To the northward of the 
equator, the wind is between the north and east ; and the 
more northerly, the nearer the northern limit. To the 
southward of the equator, the wind is between the south 
and east ; and the more southerly, the nearer the southern 
limit. 

. Between the parallels of 28^ and 40^ south lat, in that 
tract which extends from 30^ west to IW east long, from 
the meridian of London, the wind is variable, but by far 
the greater part between the N. W. and S. W. ; so that the 
outward-bound East-India ships generally run down their 
easting on the parallel of 36° south. 

* The ventilation of rooms and buildings can only be perfectly 
effected, by suffering the heated and impure air to pass off through 
apertures in the ceiling, while fresh air, of any desired temperature, is 
admitted from below. Various contrivances have been resorted to, 
to prevent the passage of cold air from above downwards through the 
ventilator, which can only be completely effected by keeping the ven- 
ulatlng tubes at a higher temperature than the surrounding air*; heat- 
ing them, for instance, by steam, passing them through a fire, or 
placing a lamp beneath them, of sufficient dimensions to cause a 
strong current upwards ; upon the latter principle, the gas chandelier 
in Coven t-Gard en Theatre being placed under a large funnel, which 
passes through the roof into the outer air^ operates as a very powerful 
ventilator, all its own heat and smoke passing off with a large pro- 
' portion of the air of the house. 
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Beyond the northern limit of the general wind, in the 
Atlantic Ocean, the westerly winds prevail, but not with 
any certainty of continuance. 

In the Atlantic Ocean, the S. E. trade-wind extends as 
far as 3"" north, and the N. £. trade-wind ceases at the fifth 
degree N. In the intermediate space are found ealms, with 
raid, and irregular uncertain squalls, attended with thun* 
der and lightning. But this space is shifted farther to the 
northward or southward, according as the sun's declinatioti 
is more northerly or southerly. 

Periodical winds are such as blow in a certain direction 
fbr a time ; and at stated seasons change, and blow for an 
equal space of time from the oppoate point of the com- 
pass. These may be divided into two classes : viz. mon- 
saonSf or winds that change annually ; and land and sea 
breezes, or winds that change diumally. 

While the sun is to the northward of the equator, that is 
to say, in the months of Aprils May, June, July, August, 
and September, the wind blows from the southward^ over 
the whole extent of the Indian Ocean : namely, between 
Ae parallels of 39" N. and 28^ S. ktitude, and between the 
eastern coast of Africa, and the meridian which passes 
through the western part of Japan. In the sea between 
Madagascar and New Holland, the S. £. wind prevails as 
far as the equator, when it is deflected, and blows into the 
Arabian Gulph, and Bay of Bengal, from the S. W. Be- 
tween Madagascar and the main land of Africa, a S. S. W. 
win^ obtains, and coincides with the S. W. wind in the 
Arabian Gulph. To the northward of New HoUand, the 
S. W. wind is predominant, but varies very much among 
the islands; and between the peninsula of Malacca and 
the island of Japan, a & S. W. prevails. All this is to be 
understood for the above-mentioned months. 
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' But in the other months, October, November, December, 
January, February^ and March, a remarkable alteration 
takes place. In the sea between Madagascar and New 
Holland, the S. E. wind, extends no farther to the north* 
ward than about the tenth degree of south latitude, the 
other ten degrees being occupied by wind from the op- 
posite point of the compass, or N. W. ; at the same time 
that the winds in all the northern parts of the Indian 
Ocean shift round, and blow directly contrary to the course 
they held in the former six months. 

These winds are called monsoons, or shifting trade-winds. 
These changes are not suddeiily made. Some days before 
and after the change, there are calms« variable winds, and 
dreadful storms, attended with thunder, lightning, and 
rain. 

On the greater part of the coasts situated between the 
tropics, the wind blows towards the shore in the day-time, 
and towards the sea in the night. These periodical winds 
are^ termed land and sea breezes, and are much affected, 
both in their direction and velocity, by the courses of 
rivers, tides, &c. 

Variable winds are those which are subjected to no 
period, either in duration or return, and are too well 
known to need description. 

If the earth did not revolve on its axis, it is plain that 
the sun, being stationary over one particular spot, would 
rarefy the air at that spot : it would consequently ascend, by 
ibe pressure of the drcum-ambient and less rarefied air, 
till it arrived at a region in which the m was sufficiendy 
rare to suffer it to expand on all sides; and thus there 
would be produced a converging wind near the surface of 
the earth, and a contrary, or divergent wind in the upper 
region of the iiir. Bat since the earth revolves on its 
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axis, and the sun therefore is not stationary, it must fol- 
low, that the place where the sir is rarefied, will be found 
successively in every point of the parallel, over which the 
sun moves in the course of a day. And as this place con- 
tinually moves to the westward, the lower air must as con- 
stantly follow it. Hence we have the ori^n of the general 
N. £. and S. E. trade-winds, which no doubt would extend 
over the whole of the space between the tropics, were it 
not for the different temperatures of the continents and 
islands over which the sun passes. For the surface of the 
earth is more readily heated than that of the sea, as the 
transparency of the water permits many of the rays of 
light to pass directly to its lower strata. The air, there- 
fore, contiguous to the land, being more heated than 
that which rests upon the sea, will prevent the regularity 
of the effect. Thus, near the western coasts of Africa and 
America, th^ winds blow from the westward, to supply the 
constant rarefaction those heated lands produce. 

The general N. E. and S. E. trade-winds, producing; in 
the upper regions of the air winds in the contrary di- 
rections, seem to be the cause of the westerly winds, 
which are observed to prevail between the latitudes of 
28° and 40°. 

In accounting for the monsoons^ or periodical trade- 
winds, it is Necessary to mark the peculiar circumstances 
which obtain in the Indian Ocean, and which are not to be 
found in the Atlantic and Pacific Oceans : they seem to be 
these: that the ocean is bounded to the northward by 
shores, whose altitude does not exceed the limits of the 
general trade- wind, and that the general trade-windfalls 
on the lee^ishores to the westward. 

Southerly winds are most frequently accompanied with 
rain; but northerly and easterly, with clear, dry, and 
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sevete weather. Because southerly winds are not only 
warmer, proceeding from warmer climates, but also mwe 
highly electrified than the soil of the colder countries iiito 
which they flow ; hence, the copious vapours they con- 
tain, are quickly deprived of part of their electricity, and 
thus converted into spherules of water : but the superior 
strata of the atmosphere under which the southern air is 
introduced, not being supported by air as dense as that 
which subsisted under them before their introduction, ne- 
cessarily descend and mix with the inferior southern air ; 
by this intermixture, they are warmed, and deprive the 
clouds already formed, and their vicinity, of part of their 
electricity. Hence proceeds their gradual attraction to 
each other, which terminates in the gentle showers that 
usually accompany this wind. 

In meteorological observations, the strength and velocity 
of the wind are no less important than its di-^/ ^ 
rectioii; Dr. Lind's apparatus is well, calcu- Stt C^ 
la ted for experimental purposes. This sim- 
ple instrument consists of two glass tubes, of 
five or six inches in length. They are' con- 
nected together like a syphon, by a small 
bent tube c/, the bore of which is 1-lOth of 
an. inch in diameter. On the upper end of 
the leg d ^ there is a tube of thin brass, which 
is bent at a right angle, and has its . mouth 
open towards a. On the other leg c <^, is a 
cover, with a round hole in the upper part, 
of it, 2-lOths of an inch in diameter. This'^ 
cover and the kneed tube, are connected to- 
gether by a slip of brass, which not only 
gives strength to the whole instrument, but 
also serves to hold the scale b o. The bent 
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tube and cover are fixed on with hard cement, or sealing-* 
wax. To the same tube is soldered a "piece of brass, with 
a round hole in it, to receive a steel axle, and at t\ there is 
another piece of brass soldered to the brass hoop, which 
surrounds both legs of the instrument. There is a small 
shoulder on the spindle, upon which the instrument rests, 
and a nut screwed on to prevent it from being blown away. 
The instrument is easily turned round upon its aids by the 
wind, so as always to present the mouth of the bent tube 
towards it. The lower end of the spindle is furnished 
with a screw, by which it may be attached to the top of a 
post or stand. It is also provided with a hole at the bot- 
tom, to admit a small lever for screwing it into the wood 
with more facility. Th«e is hkewise a. crooked tube, to 
be put occasionally on the mouth of the kneed tube, in or- 
der to prevent rain from being blown into the mouth of 
the wind-gauge when it is left out all night, or exposed 
in time of rain. The forc^, or momentum of the wind 
may be ascertained by the assistance of this instrument, by 
filling the tubes half full of water, and pushing the scale a 
little up or down, till the of the scale, when the instru- 
ment is held up perpendicularly, be on a line with the 
surface of the water in both legs of the wind-gauge. The 
instrument being thus adjusted,, hold it up perpendi* 
cularly, and turning the mouth of the kneed tube to- 
wards the wind, obs^rte how much the water is depress- 
ed by it in one 1^, and how much it is raised in the 
other. 

The height of the column of water sustained in the 
wind-gaug^ being given, the force of the wind, upon a foot 
square, is easily asoertamed by the following table, and 
consequently on any known surfiice. 
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He^tttfln indiM,^ of the 
"water in the gauge. 

12 
II 
10 • 

9 
8 

7 

6 

5 

4 

3 

2 

1 
0.5 
0.1 
0.05 
0.025 



Force of the wind on 
one square foot. ^ 



:{ 



Most violent hurricane. 



62.500 

57.293 

52.083 

46.875 

41.667 Very great hurricane. 

36.548 Great hurricane. 

31.750 Hurricane. 

26.041 Very great storm. 

20.833 Great storm. 

15.625 Storm. 

10.416 Veiry high wind. 

5.208 High wind. 

2.604 Brisk gale. 

0.521 Fresh breeze. 

0.260 Pleasant wind. 

0.030 A gentle wind. 



Mr. Martin, from a bint first suggested 'by Dr. Bur- 
ton, contriyed a wind-gauge, of the following construc- 
tion. 

It coQsists of an open frame of wood, firmly suppoited 
\y the shaft- or postern e. In the two cross pieces, is 
moved an horizontal axis d a^hj means of the four 
sails, exposed to the wind in a proper manner. Upon 
this axis is fixed a cone of wood, upon which, as the 
sails move round, a weight b is raised by a string ofi 
its superficies, proceeding from the small to the largest 
end. Upon the ^eat end, cnr base of the cone, is fas* 
tened a ratchet-wheel c, in the teeth of which falls the 
click, to prevent any retrograde motion from the d^ 
pending weight. 

From the structure of this machine, it is easy to under- 
stand that it may be accommodated to estimate the varia- 
ble force of the wind, because the force of the weight will 
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coDtinually increase as the string advances on tbe conical 
surface, by acting at a greater distance from the axis. 
And, therefore, if such a weight be put on the smallest 
part, as at a, which will just keep tbe machine in equilibrio 
with tbe wealiest wind, then, as the wind becomes stronger, 
tbe weight will be raised in proportion, and the diame- 
ter of the base of the cone may be so large in compa- 
rison to that of the st^ialler end or axis at a, that the 
strongest wind shall but just raise the weight to the great 
end. 

Thus, for example, let tbe diameter of the axis be to 
that of the base of the cone as 1 to S8; then if 6 be a 
weight of one pound at a on the axis, it will be equiv^ 
lent to twenty-eight . pounds, or a quarter of an hundred, 
when raised to the larger end. If, theref<n«, when the 
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wind is weakest, it supports one pound on the axis, it 
must be twenty-eight times as strong to raise the wei^t 
to the base of the cone. Thus, if a line or scale of 
twenty-eight equal parts be drawn on a; bar at the 
side of the cone, the strength of the wind will be indi- 
cated by the number, or graduation at which the string 
is placed. 
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THE SOLAR SYSTEM. 

Apparent System of the Material Universe. — Planet€ay 
Bodies. — The Moon, — Eclipses, — Comet s.Fixed-^ Stars » 

When we view the vast concave above us on a clear 
ipghty and observe with attention the gradual ascent and 
descent of the spangled firmament that surrounds the via- 
ble horizon, the uninformed observer is at once disposed 
to adopt the belief of Ptolemy, and conclude that the earth 
is a fixed body, and that the surrounding orbs are really in 
modon. This very obvious phenomenon may, however, 
be illustrated in a more familiar way. 

If we suppose a person seated in a vehicle, and that vehi- 
cle in rapid motion, it .will be evident that the traveller will 
fancy that the fixed objects in his immediate neighbour- 
hood are also in motion, though, of course, going in a di- 
rection the reverse of his own. This simple fact must have 
come within the observation of all ; and yet by applying the 
same principle to the motions of the heavenly bodies, we 
shall find, that as a traveUer seated in a carriage imagines 
that the passing objects are in motion, so do we, who are 
travelling at a much greater rate upon our planet or earth, 
sup^pose that the other planetary bodies partake of a motion 
which exists but in our own imagination. 

This, then, may be considered as a brief view of the appa- 
rent motions of the planetary orbs, which has been noticed 
only as introductory to a more particular examination c^ 
the real motions of the heavenly bodies. 

In astronomy, as well as in other sciences, the Greeks 
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were the disaples of the Egjrptians : they appear to have 
divided the Btars into constellationB, thirteen or fourteen 
hundred years before Christ. Newton attributes this arr 
rangement to ChiroU; and he supposes that he made the 
middle of the constellations correspond to the beginning of 
the respective signs. But until the time of the foundation 
of the school of Alexandria, the Greeks treated astronomy ' 
as a purely speculative science^ and indulged themselves in 
the most frivolous conjectures respecting it. It is un* 
gular, that amidst the confusion of systems heaped upon 
each other, without affording the least information to the 
mind, it should never have occurred to men of such great 
talents, that the only way to become accurately acquainted 
with nature, was to institute experimental inquiries 
throughout her works. 

The most ancient observations of which we are in pos» 
ses^op, that are sufficiently accurate to be employed in as* 
tronomical calculations, are those made at Babylon, about 
seven hundred and nineteen years before the Chri^an er% 
oi three eclipses of the nuxm. Ptolemy, who has tncns* 
mitted them to us, employed them for determining the pe^ 
riod of the moon'^s mean motion, and, therefore, had pro- 
baUy none more ancient on which he could depend. The 
Chaldeans, however, must have made a long series of 
observations, before they could discover their Saros, 
or lunar period of 6686| days, or about dghteen years, at 
which time, as they had learnt, the place of the moon, 
her node» and apogee, return nearly to the same situation 
with respect to the eardi and sun, and of coixrse, a series of 
nearly similar edipses recurs. The observations attributed 
to Hermes, indicate a date seven hundred years earlier 
thta those, of the Babylonians ; but their authenticity ap- 
pears to be extremdy doubtful. The Egyptians were very 
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early acquainted with the length of the year, as consisting 
of nearly three hundred and sixty-five days and a quarter, 
and they derived from it their Sothic period of 1460 years, 
containing three hundred and sixty-five days each. The 
accurate correspondence of the faces of their pyramids with 
the points of the compass, is considered as a proof of the 
precision of their observations. 

Without, in the present case, going into the history of 
ancient astronomy, it may be enough to state that the sun 
forms one vast centre, round which the planetary bodies 
revolve, with their attendant satellites, or moons. 

Astronomers have divided the planets into two classes. 
The first class they call primary, or principal planets : they 
are eleven in number, and consist of Mercury, Venus, the 
Earth, Mars, Ceres, Pallas, Juno, Vesta, Jupiter, Saturn, 
and the Georgium Sidus. Those of the second class are 
called secondary planets, or satellites. 

The primary planets are such as revolve round the sun 
only. These are also divided into superior and inferior ; 
those being called superior planets, whose distance from 
the sun is greater than that of the earth ; and those inferior 
planets, whose distance is less than that of the earth. 

The superior planets are, Mars, Ceres, Pallas, Juno, 
Vesta, Jupiter, Saturn, and the Georgium Sidus; these are 
farther from the sun than the earth, and consequently, 
environ the latter in their revolution. It is for this rea-^ 
son we see them sometimes on one side of the sun, and 
sometimes on the other. The inferior planets are Mer- 
cury and Venus, which are nearer the sun than the earth, 
and which, consequently, never environ the latter in their 
revolution. On this dotount^ we see them always on the 
same side as the sun, and never in opposition, because the 
earth is never between them and the sun. 
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Having thus briefly examined the general arrangement 
of the planetary bodies^ it may now be advisable to no* 
' tice more particularly their size, velocity, and distance 
from the sun. In illustrating these important particulars, 
it has been found necessary to adhere closely to the data 
furnished in the admirable unpublished work by Francis 
Baily, Esq. President of the Astronomical Society. 

The planet nearest to the sun, and as such, the one 
whose orbit round that body is least in diameter, is Mer- 
cury. The near proximity of this planet to tlie sun, ren- 
ders it but seldom visible, and consequently, our acquaii^t- 
• ance with it is not of a very accurate nature. According, 
however, to Sir Isaac Newton, the heat and light of the 
sun on the surface of Mercury are almost seven times as 
intense as on the surface of the earth in the middle of sum- 
mer, and this, it may very readily be shown, is quite . 
equal to the boiling point of Fahrenheit's thermometer; 
and such a degree of heat as this must evidently render 
Mercury uninhabitable to beings at all like those who in- 
habit our planet. 

Mercury performs his mean sidereal revolution in 
87-9692680 mean solar days, or in 87**.28M6°*.43*.9 : and 
his mean syfiodical revolutionjn 115.877 mean solar days. 

His mean longitude, at the commencement of the pre- 
sent century, was in 166°.0'.4S",6. 

His orbit is inclined to the plane of the ecliptic, in an 
angle which, at the commencement of the present century, 
was 7^0'.9",1 : and which angle is subject to a small in- 
crease of 0",1818 in a year. 

The rotation on his axis is accomplished in 24** 5"*.28*.8. 

The inclination of its axis to that of the ecliptic is not 
known. 

Mercury changes his phases like the moon, accordmg to 

VOL. II. 2 a 



354 



MEBCURT. 



Tttious poiiti<xis with regard to the sun and earth: 
but this cinnot be discovered without the aid of a powerful 
telescope. 

His true diameter^ compared with that of the earth, con- 
sidered'as unity, is 0.998, which makes it about 8140 miles. 

The proportion of light and heat, which it receives from 
the sun, is about '6.68 times greater than that recdved on 
the earth. 

Mercury is sometimes seen to pass over the sun's disc^ 
which can happen only when he is in his nodes, and when 
the earth is in the same longitude. Consequently this phe- 
nomenon, for many centuries to come, can take place only in 
the months of May or November. The first observation 
of this kind was made by Gassendi, in November, 1631 ; 
since which period they have been frequent.*' 

* The following is a list of all those which have happened stooe 
the above date, inclusive^ and of those that will happen till the end of 
the present century. 



1631, Nov. 6. 
1644, Nov. 8. 
1651, Nov. 2. 
l66l. May 3. 
1664, Nov. 4. 
1674, May 6. 
1677. Nov. 7. 
1690, Nov. 9. 
1697, Nov. 2. 
1707, May 5. 
1710, Nov. 6. 
1723, Nov. 9. 
1736, Nov. 10. 
1740, Nov. 2. 
1743, Nov. 4. 
1763, May 5. 
1766, Nov. 6. 
1769, Nov. 9. 



IT76, Nov. 9. 

1782, Nov^l2. 

1786, May 3. 

1789, Nov. 6. 

1799, May 7. 

1802, Nov. 8. 

1816, Nov. 11. 

1822, Nov. 4, 
*1832, May 5. 

1835, Nov. 7. 
*1845, May 8. 
*1848, Nov. 9. 
*186l, Nov. 11. 
•1868, Nov. 4. 
*1878, May 6. 

1881, Nov. 7. 

I89I, May 9. 

I894, Nov. 10. 



Those marked with an usterisk are such future ones as will be 
visible in this country. 
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* 

Venus is very nearly as large as the earth. Her revoliu 
tion occupies about seven months, her distance from the 
sun being about 7-IOths of that of the earth, and her or- 
bit nearly circular, inclined in an angle of 3^.24' to the 
ecliptic. Mr. Schroeter considers her mountains as much 
higher than those of the earth. Her density has been esti- 
mated from the perturbations occasioned by her attraction 
in the motions of the other planets, and it has been sup* 
posed to be a little less than that of the earth. 

The mean distance of Venus from the sun is 0.72S8816 ; 
that of the earth .being considered as unity. This makes 
her mean distance nearly sixty-eight millions of miles. 

She performs her mean sidereal revolution in precisely 
2247007869 mean solar days» or in 224f'.16^.42°'.8',0 : and 
her mean synodical revolution in 583.920 mean solar days. 

The rotation on her axis is accomplished in 28**.21".7*.2. 

Venus changes her phases like the moon, according to 
her various positions with respect to the sun and the earth, 
which causes a very considerable difference in her bril- 
liancy. 

Her true diameter, compared with that of the earth, 
considered as unity, is 0,976, which makes it about 7,700 
miles. 

A body which weighs one pound at the equatot of the 
earth, would, if removed to tfafe equator of Venus, weigh 
only 0.98 pound. 

The proportion of light and heat which she receives 
from the sun, is about one hundred and ninety-one times 
greater than that received on the earth. 

She is surrounded by an atmosphere, the refractive 
powers of which differ very little from those of the 
terrestrial atmosphere. 

As viewed from the earth, Venus is the most brilliant of 

2a2 
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all the planets ; and may sometimes be seen with the naked 
eye at noon-day. She is known and recognised as the 
morning and evening star ; and never recedes far from the 
sun.* 

Venus must have a climate far more temperate than 
Mercury, yet much too torrid for the existence of animals 
or vegetables, except in some circumpolar parts ; her mag- 
nitude and diurnal rotation differ but little from those jof 
the earth, and her year is only one-third shorter ; so that 
her seasons, and her day and night, must greatly resemble 
ours. The earth, when in opposition to the sun, must be 
about four times as bright as Venus ever appears to us, 
and must, therefore, always cast a shadow ; it must be tre^ 
quently, and perhaps generally, visible in the day ; and, 
together with the moon, must exhibit a very interesting 
object. 

The Earth is the next planet beyond Venus in the solar 
system. Her distance from the sun is at a mean 95,000^000 
of miles, and her annual revolution is performed in 365*^. 
5^.48.^49' : this is called her tropical year ; but the time 
she takes to perform an annual revolution from any fixed 
star to the same again, as seen from the sun, is S65^,&» 

* Venus is sometimes seen to pass over the sun's, disc, which can 
happen only when she is iq her no^es, and when the earthi is in the 
same longitude. Consequently this phenomenon, for many centuries 
to come, can take place only in the months of June or December. It 
is a phenomenon indeed of very rare occurrence, as may be readily seen 
by the following list, which contains aU those transits of Venus 
which have occurred since that which took place in December l639, 
inclusive, (the first that, was ever known to have been seen by any hu- 
man being,) to the end of the/ 21st century. 



1639, Dec. 4. 
1761, June 5. 
1769, June 3. 
1874, Dpc. 8. 



1882, Dec.'*6; 
2004, June 7- 
2012, June 5. 
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9™.9*, which is called a sidereal year. Her rotation on her 
axis is performed in twenty-four hours, which is called the 
length of a natural day. The earth^s mean diameter is 

> 

7916 miles. Her diurnal rotation being from west to east, 
the diurnal motion of all the heavenly bodies appears to be 
from east to west. 

Next to the sun, the moon appears to us the most splen- 
did of all the heavenly bodies, though she is but a satellite, 
or attendant, to our own planet. Her orbit is an ellipse, 
with the earth in one of its foci ; her synodical revolution 
round the earth is performed in 20*.12^.44".3'., and with the 
earth she revolves round the sun in a year. Her mean dia- 
meter is about 2160 miles ; it is therefore her comparative 
nearness to us that makes her appear so large and aiFord so 
much light. Her rotation on her axis is performed in the 
same time as her revolution round the earth ; hence she 
always keeps the same side towards our planet. The phe- 
nomena of the moon's phases, and the nature, of eclipses, 
will be fully discussed under planetary motion. 

The next planet beyond the earth in the sol^r system, is 
Mars J whose mean distance from the sun is rather more 
than 142,000,000 of miles. The colour of this planet is a 
dusky red, an appearance attributed to the great density of 
his atmosphere, which permits only the red rays to be re- 
flected to us. From the spots which have been observed 
on his disc, his rotation on his axis has been ascertained to 
be performed in S^'^.SO^.Sl*. His equatorial is to his polar 
diameter as 16 to 15 ; the true diameter being about 4100 
miles. 

Mars is not subject to the same limitation in his motion 
as Mercury or Venus, but appears sometimes very near the 
sun, and at other times a great distance from that lumi> 
nary ; sometimes rising when the sun sets, or setting when 
the sun rises. He sometimes appears gibbous, but nev^r 
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homed like the moon ; a proof that his orbit includes that 
of the earthy and that he shines by a borrowed light. 
When he is opposite to the sun» or when we see him on 
the meridian at midnight, he is much more brilliant 
than in another situation, being five times nearer to us 
than at a conjunction. 

The sun affords to Mars only about a third of the 
light, he affords to the earth, and it has therefore been, 
thought singular that he has not yet been discovered to 
have a moon ; but perhaps he is compensated for this 
apparent want, and the light he receives may be prolonged, 
by the height and density of bis atmosphere, which is 
so remarkable, that when he approaches any of the fixed 
stars, they change their colour, grow dim, and often be- 
come nearly. invisible, though at some little distance from 
the body of the planet. 

Mars appears to move from west to east round the 
earth, but his apparent motion is very unequal. When 
we first perceive him in the morning, separating frqm 
the sun, his motion is the most rapid ; but this rapidity 
diminishes gradually, and ceases altogether when the pla- 
net is about 19T from the sun ; then his retrograde mo- 
tion commences, and increases in rapidity till he comes 
into opposition with the sun. It then gradually diminishes 
again, till the planet is within 137"* of the sun;, it then 
becomes direct, till at last the planet is lost for a time 
in the evening rays of that luminary. 

Besides the dark spots which serve to determine the di- 
urnal revolution of Mars, several early astronomers ob- 
served that a segment of his globe about the south pole, ex- 
ceeded the rest of his disc so much in brightness, as to ap« 
pear as if it were the segment of a larger globe. Maraldi 
informs us, that this bright spot had been taken notice of 
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for sixty years, and was more perI^anent than the other 
spots on the planet. One part of it is brighter than the 
rest, and the least bright part is subject to great changes, 
and has sometimes disappeared. A similar brightness about 
the north pole was also sometimes observed, and these ob- 
seryations are now confirmed by Dr. Herschel^ who has 
viewed the planet with much better instruments, and much 
higher magnifying powers, than any other astronomer. 
** The analogy, says the Doctor, " betw.een Mars and the 
Earth, is by far the greatest in the whole solar system. 
Their diurnal motion is nearly the same ; the obliquity of 
their respective ecliptics not very different. Of all the su- 
perior planets, the distance of Mars from the sun is by far 
the nearest alike to that of the earth; nor will the length 
of the year to Mars appear very different from what we en-- 
joy, when compared to the surprising duration of the years 
of Jupiter, Saturn, and the Georgium Sidus. If then we 
find that the globe we inhabit has its polar region firpzeh 
and covered with mountains of ice and snow, that only 
partly melt when alternately exposed to the sun, I may 
well be permitted to surmise, that the same causes may 
probably have the same efiect on the globe of Mars ; that 
the bright polar spots are owing to the vivid reflection 
of light from frozen regions, and that the reduction of 
those spots is to be ascribed to their being exposed to the 
sun. In the year 1781, the south polar spot was extremely 
large, which we might well expect, as that pole had but 
lately been involved in a w^ole twelvemontirs darkness 
and absence from the sun; but in 1783 I found it con- 
siderably smaller than before, as it decreased consider- 
ably from the ^Oth of May till about the middle of Sep- 
tember, when it seemed to be at a stand. During this last 
period, the south pole had already been above eight months 
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enjoying the benefit of summer, and Btill continued to re- 
ceive the sun-beams, though, towards the latter end, in 
such an oblique dire<;tion as to be but little benefited by 
them. On the other hand,, in the year 1781, the north po- 
lar spot, which had been its twelvemonth in the sunshine, 
and was but lately returning into darkness, appeared small, 
though undoubtedly increasing in size. * Its not being visi- 
ble in the year 1788, is no objection to these phenomena, 
being owing to the position of the axis, by which it Was re- 
moved out of sight.'' 

In the interval between Mars and Jupiter, and nearly at 
the distance where, from a dependance on the regularity 
of the progression already mentioned, a number of astrono- 
mers had for sokne years been seeking for a primary pla* 
net ; the observations of Mr. Piazzi, Dr. Olbers, and Mr. 
Harding, have placed four very small bodies, differing but 
little in their mean distance and their periodical time. 

They have named them Ceres, Pallas, Vesta, and Juno. 

Vesta was discovered by Dr. Olbers, on March ^, 1807; 
its mean distance from the sun is 2-367870 ; that of the 
earth being considered as unity. 

It performs its sidereal revolution in 1325*7431 mean 
solar days ; and its mean synodical revolution in 50S'4il 
days. » 

Its mean motion in its orbit, in a mean solar day, is 
16'.17".9516 : its mean motion in 365 days is consequently 
99°.9'.15",33.* 

Ceres was first discovered by M. Piazzi in 1801 ; its 
mean distance from the sun is 2*767246 ; that, of the earth 
being considered as unity. 

* Mri Baily observes that the elements of this planet are not yet 
sufficiently determined to be depended on, and require correction 
from future observations. The same may be observed of the remain- 
der of the asteroids. ' 
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It performs its mean sidereal revolution in 1681*8981 
inean solar days : and its mean synodical revolution in 
466*6^ days. 

Its orbit is inclined to the plane of the Ecliptic at an an- 
gle of 10°.37'.26",2 : which, according to M. Gauss, has an 
annual decrease of 0",44. i 

The eccentricity of its orbit is 0-078439; half the 
major axis being, considered as unity : which, accord- 
ing to M. Gauss» is subject to an annual decrease of 
•00000583. 

The greatest equation of the centre is 8''.59'.42". 

Pallas was discovered by Dr. Olbers, in 1802 : its mean 
distance from the sun is 2-772886 ; that of the earth being 
considered as unity. 

It performs its sidereal revolution in 1686*5388 mean 
solar days : and its mean synodical revolution in 466*22 
solar days. 

Its mean motion' in its orbit, in a mean solar day, is 
12'.48''.3934 : its mean motion in 365 days' is consequently 

77%64',25",S9. 

The eccentricity of its orbit is 0*241648 ; half the ma- 
jor axis being considered as unity. 

Juno was first discovered by M. Harding, on September 
1, 1804 : its mean distance from the sun is 2.669009 ; that 
of the sun being considered as unity. 

It performs its sidereal revolution in 1592*6608 mean 
solar days : and its mean synodical revolution in 473*95 
days. 

Its mean motion in its orbit, in a mean solar day, is 
13'.82".9304 : its mean motion in 866 days is consequently 

82^26'.19",1. 

Its orbit is inclined to the plane of the ecliptic, in an 

angle of 13^4'.9",7. 
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I 

Jupiter 18 one of the most beautiful planets in our sys- 
tetn. Its mean distance from the sun is above 485,000,000 
of miles. 

His orbit is inclined to the plane of the ecliptic, in an 
angle which, at the commencement of the present century, 
was V.1S'.5V\S ;, and which angle is subject to a small de* 
crease of about 0^,226 in a year. 

The rotation on his axis is performed in 9^.55"*.4j9^,7. 

The inclination of his axis to that of the ecliptic is 

His apparent diameter, (measured equatorially,) at his 
mean distance from the earth, is 36", 74. At its conjunc- 
tion it is sometimes only 80^,0; but it increases as the 
planet approaches its opposition, when it sometimes 
amounts to 46' ,88. ^ 

His true diameter, compared with' that ^ of the earth 
considered as unity, is 10*860, which makes it near 90,000 
miles. The axis of the poles is to his equatorial diameter, 
as 167 to 177. 

A body which weighs one pound at the equator of the 
earth, would, if removed to the equator of Jupiter, .weigh 
S*716 pounds. But this must be diminished about a ninth 
part, on account of the centrifugal forc^ due to each planet. 

The proportion of U^t and heat which he receives from 
the sun is '037 ; that received by the earth being considered 
as unity. 

Almost every person is sufficiently acquainted with the 
telescopic appearance of Jupiter, to know that its sur- 
face is remarkable for being always covered with a number 
of belts, or stripes, of various shades.. These appearances 
differ much at different times, and even at the same time in 
telescopes of different powers. ' Usually, these belts seem 
to be of an uniform tint ; but, in very favourable weather. 
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they someliioes appear to consist of a number of curved 
lines, like die strokes of an engraving. 

These belts were first observed at Naples, by Zuppi and 
Bartoli, two Jesuits ; and about the year 1660 they were 
noticed by Campani, with refracting telescopes of his own 
construction, and not much inferior in distinctness to those 
of the present day ; the great modem improvement in re- 
fracting telescopes consisting rathet in the reduction of 
their size, than in the increase of their magnifying power. 

Jupiter is accompanied by four satellites, which were 
discovered by Oalileo, the 8th of January, 1610. He at 
first took them for telescopic fixed ptars ; but continued 
observation soon convinced him that they really accom* 
panied the planet. The relative situation of these small 
bodies changes at every instant : they oscillate on each side 
the planet, and it is by the extent of these oscillations 
that the ranks of these satellites is determined ; that 
being called the first satellite, whose oscillation is the 
least. They are sometimes seen to pass over the disc of 
the planet, and project a shadow in the form of a well- 
defined black spot, which then describes a chord of this disc. 

The shadow which Jupiter himself projects behind him, 
relativ/s to the sun, gives rise to another phenomenon of 
considerable importance. For the satellites frequently dis- 
appear, or are eclipsed in that shadow, although they ap- 
pear, with respect to us, to be at a distance from the disc 
of the planet. These eclipses are similar in principle to lu- 
nar eclipses, which will presently be described; and -vary in 
duratiop according to the relative position of the bodFes 
with respect to the sun. 

In the following table are given the mean sidereal revo- 
lution of the satellites in mean solar days ; together with 
their mean distances from Jupiter, the semi-diameter of 
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that planet's equator being considered as unity ; and like- 
wise their masses, compared with that of Jupiter, consider- 
ed also as unity. 



S«t. 

1 

2 
3 

4 


Sidf rp»l Rrrolution. 


Mean 

distance. 


Mass. 


1.18.28 

3.13.14 

7. 3.43 

16.16.32 


1.769137788148 

3.551810117849 

7.154552783970 

16.688769707084 


6.04853 

9.62347 

15.35024 

26.99835 


•0000173281 
•0000232855 
•0000884972 
•0000426591 



First satellite. The plane of the orbit of this satellite 
coincides nearly 'with the plane of the equator of Jupiter ; 
the inclination of which, to the orbit of the planet^ is 
8**^'.S0". Its eccentricity is insensible. 

Second satellite. The eccentricity of the orbit of this sa- 
tellite is also insensible. The inclination of its orbit to 
that of its primary is variable ; as well as the position of its 
nodes. These variations are represented nearly, by sup- 
posing the orbit of the satellite inclined 2T,49",3 to the 
equator of Jupiter ; and by giving the nodes a retrograde 
motion on this plane, so as to make a revolution in thirty 
Julian years. 

Third satellite. This satellite has a little eccentricity, 
which is subject to a very sensible variation. Towards the 
end of the century before the last, the equator of the centre 
was at its maximum, and was then as much as 13M6",4. 
It afterwards diminished, and was at its minimum about 
the year 1777, when it was only 5\T,5. The line of the 
apsides has a direct, but variable motion. The inclination 
of its orbit, to that of Jupiter, and the position of its 
nodes, are also variable. These variations may be repre* 
sented nearly by supposing the orbit inclined \9!.9ff' to 
the equator of Jupiter ; and by giving the nodes a retro- 
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grade motion on this plane, so as to make a revolution in 
one hundred and forty-two Julian years. 

Fourth satellite. The eccentricity of this satellite is 
greater than that of the other three. The line of the ap* 
sides has an annual and direct motion of 42'.68",7. The 

■ 

place of the nodes has a direct annual motion on the orbit 
of the planet, of 4'.15",3. The inclination of the orbit to 
that of Jupiter is about 2^58'.48." It is in consequence of 
this great inclination that this satellite frequently passes 
behind the planet, with respect to the sun, without being 
eclipsed. Since the middle of the last century, theinclina- 
tion of the orbit has increased, and the motion of the nodes 
has diminished very perceptibly - 

Saturn is about 890,000,000 of miles from the sun. 

His orbit is inclined to the plane of the ecliptic in an 
angle which, at the commencement of the present century, 
was 2^29^35",7 ; arid which angle is subject to a small de- 
crease of 0",155 in a year. 

. His ascending node was, at the commencement of the 
present century, in 111°.56'.S7'',4 ; having a motion to the 
westward, every year, of 19",4. But, when referred to the 
ecliptic, the place of the node will (on account of the pre- 
cession of the equinoxes) fall more to the eastward, by 
80",7 in a year. 

The rotation on his axis is performed in 10^.29™.16%8. 

Thie inclination of his axis to that of the ecliptic is 

S0M9'. 

A body which weighs one pound at the equator of the 
earth, would, if removed to the equator of Satilrn, weigh 
1*01 pounds. 

The proportion of light and heat which it receives from 
the sun is about '0011 ; that received by the earth being. 
considered as unity. 
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He is aoiaetiaies mariied by zones or belts, which are 
probably obscurations in the atmosphere. 

Saturn is accompanied by seven satellites, and also sur- 
rounded with a double ring.* 

The ring of Saturn casts a deep shadow upon the pla- 
net It is sharply defined both in its inner and outer edge, 
and appears to be more luminous than Saturn himself. 
Hence Dr. Herschel has concluded, that it is not any 
shining fluid, or aurora borealis, as some have concluded, 
but a solid body, equal in density to the planet. The 
Doctor is also of opinion; that the edge of the ring is not 
flat, but of a spherical, or rather of a spheriodal form. 

In examining the plane of the ring with a powerful 
telescope, he perceived, near the extremity of its arms, 
several lucid or protuberant points, which seemed to ad- 
here to the ring. At first, he itaagined them to be sa- 
tellites ; but he afterwards found, upon careful examina- 
tion, that none of the satellites could exhibit such an ap- 

* Maupertius, in his *l Discours sur la Figure des Astres/' main- 
tained, thai this luminous girdle was the tail of a comet, which 
the attraction of Saturn had compelled to circulate round the planet. 
Mairan asserted that the diameter of the planet was originally equal to 
the diameter of its outer ring, and, that by some unknown cause, the 
exterior shell of Saturn was broken to pieces, which were attracted by 
'his body; but. the equatorial parts of the exterior shell remained en- 
tire, and thus formed a ring about the planet. Bulfon imagined that 
the ring roust be a part of the equator which had b^eu detached by 
* the excess of centrifiigal force. Without, however, discussing these 
chimerical hypotheses, it may be sufficient to observe, that we may as 
well attempt to account for the formation of these satellites, as of the 
ring of Saturn ; that none of them seem to have been the effect of any 
accidental cause, and that the most rational solution of the difficulty, 
is to suppose, that when Saturn was created and launched into the 
heavens; be was at the same instant encircled with a luminous ring, 
tQ answer some important purpose, which astronomers have not yet 
had the sagacity to discover. - 
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pearance ; and he therefore concluded, that these lutiid 
points adhered to the ring, and that the variation in their 
position arose from a rotation of the ring round its axis, 
which he found to be performed in 10'*,32'.15*,4. This re- 
suit is very remarkable; for if we conceive a satellite 
moving round Saturn, and having for its orbit the mean 
circumference of the ring, and if we calculate, according to 
the second law of Eepler, its sidereal revolution, we shall 
find that the duration of its revolution is nearly equal to 
the revolution of the ring. According to Dr. Robison, the 
inner edge of Saturn^s ring should revolve in IIMG"^ and 
the outer edge in 17**.10°". Schroeter seems to doubt of 
the rotation of the ring. 

The double ring consists of two concentric rings, detach- 
ed from each other, and from the body of the planet, the 
innermost of which is nearly thrice as broad as the outer- 
most. The following are the dimensions of this luminous 
zone, as determined by Dr. Herschel. (See Philosophical 
Transactions, 179^, part 1.) 

Miles. 

Inside diameter of the interior ring. . 146,34S. 

Outside diameter of the interior ring . 184,393 

Inside diameter of the exterior ring . 190,^48 

Outside diameter of the exterior ring . ^14,883 

Breadth of the interior ring 20,000 

Breadth of the exterior ring . . 7,200 
Breadth of the dark space between the 

two rings . . 2^839 
Diameter of the ring, the orbit of the 

earth being 1, . . . . 26,8914 . 
Angle which it subtends, when seen at 

the n\ean distance of the planet . 7*.25",382 

The last of the planetary bodies that remain to be de- 
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scribed,* was discovered to form a part of our system, by 
Sir William Herschel, in 1781, who gave it the name of 
the Georgium Sidus^ in honour of his Royal Patron.* Its 
mean distance from the sun is 19*182390; that of the earth 
being considered as unity. This makes his mean distance 
upwards of 1,800,000,000 of miles. 

The mean motion in its orbit, in a mean solar day, is 
0^.0117695, or 4^,37. His mean motion in 365 days 
is 4^296876, or 4^1T.45".16. 

His orbit is inclined to the plane of the ecliptic in an 
angle of 46.28 ',44. 

His apparent diameter, even at the time of his opposi- 
tion, is scarcely 4".0. 

The proportion of light and heat which it receives from 
the sun, is about '003 ; that received by the earth being 
considered as unity. 

From the Georgium planet the sun must be seen but as 
a little star, not one hundred and fiftieth part as bright as 
he appears to us. The axis of this planet being probably 
near to the plane of its ecliptic, it must be directed twice 
in the year towards the sun, and the limit of illumination 
must approach to the equator, so that almost every place 
on his surface must sometimes remain for a great num- 
ber of diurnal revolutions, in light and in darkness ; the 
most moderate climates having one night, in their' long 
year^ equal in duration, at least', to several of our years : 
and it must be confessed that this planet would afford but 
a comfortless habitation to those accustomed to our sum- 
mer sunshine, even if it were possible to colonise it. 

* Mr. Baily states that this star, under the name of " Uranus," 
was observed as far back as 169O. It was seen three times by Flam- 
8teed« once by Bradley, once by Mayer, and eleven times by Lemon- 
nier, not one of whom suspected it to be a planet. That brilliant 
discovery was reserved for Herschcl. 
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These ten planetary bodies are the only ones hitherto « 
discovered, which have any title to be considered as pri- 
mary planets, that is, as bodies revolving round the sun, 
in orbits so nearly circular as to remain always within the 
reach of our observation. It has been conjectured that 
the number of planets may in reality be much greater; 
that not only many small, and perhaps invisible bodies 
may be revolving in the intervals of the planets with which 
we are acquainted, but that larger bodies also may belong 
to our system, which never approach within such a dis- 
tance as to be seen by us. 

tn order to' retain in memory a general idea of the pro- 
portional distances of the primary planets from the sun, we 
may call that of the Earth 10, and that of Saturn 100; the 
distance of Mercury will then be 4, to which we must add 
3 for Venus, making 7 ; twice 3, or 6, for the Earth, making 
10 ; twice 6, or' 12 for Mars, making 16 ; twice 12, or 24, 
making 28, for the three small planets, Juno, Pallas, and 
Ceres ; twice 24, or 48, making 62 tor Jupiter ; twice 48, 
or 96, for Saturn, making 100 ; and twice 96, or 192, mak- 
ing 196 for the Georgium planet ; and these 9ums will re- 
present the distances without any material exception, in 
the nearest integer numbers. 

The Sun, which forms so important a part of our sys- 
tem, must be briefly examined, preparatory to a notice of 
Dr. Herschers peculiar views relative to solar light and 
heat. 

This brilliant luminary revolves on its axis in about 
twenty-five days ten hours, from west to east; that- is, sup- 
posing the order of the signs to be known, and a point in 
the sun to be opposite Aries, it moves towards Taurua. 
All the rotations of the different bodies, which compoae 
the solar system, as far as they have been ascertained, 
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«ie in the same direction. The time and direction of the 
sun's rotation is ascertained by the change in the situ- 
ation of the spots, which are usually visible on his disc4 
The spots are frequently observed to appear and disap- 
pear, and they are in the mean time liable to great varia- 
tions ; but are generally found about the same points of 
the sun's surface. 

In 1788, Mr. King published a dissertation on the Sun, 
in which he states, that the real body of that luminary is 
less than its apparent diameter : that we never discern the 
real body of the sun itself, except when we behold the 
spots : that the sun itself is inhabited as well as the earth 
and planets, and is not necessarily subject to burning heat ; 
and that there is no violent elementary heat existing in the 
rays of the sun, but that they produce heat only when, 
they come in contact with the planetary bodies. 

Doctor Herschel also considered the Sun to be a magnifi- 
cent habitable globe, surrounded by a double set of clouds; 
those which are nearest its opaque body being less bright 
and more closely connected together than those of the upi- 
per stratum ; which he concluded from the luminous appa- 
rent globe it exhibits. This luminous external matter, he 
observes, is neither a liquid nor an elastic fluid of an at* 
mos]iheric nature ; for in either of these two cases it would 
not admit of any chasms or openings. ' Therefore, it must 
be concluded that this shining matter exists in the manner 
of empyreal, luminous, or phosphoric clouds, residing in 
the higher regions of the solar atmosphere. The Doctor 
then is of opinion that the spots are only accidental open- 
ings between the luminous clouds, through which we be- 
hold the opaque body of the sun, or the inferior less lumi- 
nous clouds ; hence, the spots appear of different shades. 
The Doctor rejected the terms maculse,c aculse, luculi, and 



THE SUN. 371 

others previously in use, and substituted the following, as 
better adapted to express what he considered the true phe- 
tiomena of the sun. 

" Openings^ are those places where^ by the accidental re- 
moval of the luminous clouds of the sun, its own solid 
body may be seen ; and this not being lucid, the openings 
through which we see it, may, by a common telescope, be 
mistaken for mere black spots, or their nuclei. 

Shallows^ are extensive and level depressions of the lu- 
minous soUr clouds, generally surrounding the openings to 
a considerable distance. As they are less luminous than 
the rest of the sun, they seem to have some distant, 
though very imperfect resemblance to penumbrae, which 
might occasion their having been called so formerly. 

Ridges^ are bright elevations of luminous matter, extend^ 
ed in rows of an irregular arrangement. 

Nodulesj are also bright elevations of luminous matter, 
but confined to a small space. These nodules and ridges 
correspond to what have hitherto been called faculse and 
luculi. 

Comigatiansy he applies to that very particular and re- 
markable unevenness, ruggedness, or asperity, which is pe- 
culiar to the luminous solar clouds, and extends all over 
the surface of the globe of the sun. As the depressed 
parts of the corrugations are less luminous than the ele- 
vated ones, the disc of the sun has an appearance which 
may be called mottled. 

Indentations^ are the depressed or low parts of the corru- 
gations ; they also extend over the whole surface of the 
luminous solar clouds. 

Pores, are very small holes or openings, about the midr 
die of the indentations.'* 

As Dr. H. considered the solar clouds to consist rather 
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of a flame than a liquid substance, be attributed the spots 
to the emission of an aeriform fluid, not yet in oombustioii, 
which displaces the general luminous atmosphere, and which 
is afterwards to serve as fuel for supporting the process : 
hence he supposed the appearance of copious spots to be in- 
dicative of the approach of warm seasons on the surface of 
the earth ; a theory which he has attempted to maintain 
by historical evidence. The shallows he considered as parts 
of an inferior stratum of opaque clouds, capable of pro- 
tecting the immediate surface of the sun fix>m the excessive 
heat produced by combustion in the superior stratum, and 
probably of rendering this stupendous world fit for ani- 
mated existence. In general, more or less of the real body 
of the sun is supposed to be visible through its lucid at- 
mos{^ere, where its substance is not very intense, or where 
it is removed by the varying circumstances of the combus- 
tion. As some of the spots appear below the surface of the 
shining fluid, it may be presumed that they show us the 
lower parts of the sun's surface ; and as other spots appear 
above the shining fluid, it is equally reasonable to coiw 
dude that they are the solar mountains. * The former kind 
of spots are very variable in situation, and it is clear, that 
if we have the true theory of the sun before us, they may 
never occur twice precisely at the same place. The spots 
attributed to the projection of the solar mountains, ai^ 
fixed with respect to the suns surface, and are those by 
which the sun's rotation on his axis has been determined. 
Dr. Herschel, taking into consideration^ the great attrac- 
tion exerted by the sun upon bodies placed at its surface, 
and the l^low revolution it has about its axis, thought that 
the solar mountains might be more than three hundred miles 
high, and yet stand very firmly. 
Dr. Young, in opposition to the theory of Dr. Herschel, 
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argues^ that if we inquire into the intensity of the heat which, 
must necessarily exist.wherever this combustion is perform- 
ed, we shall spon be convinced that no clouds, however 
dense, could impede its rapid transmission to the parts be- 
low : besides, the diameter of the sun is one hundred and 
eleven times as great as that of the earth, and at its sur- 
face, a. heavy body would fall through no less than four 
hundred and fifty feet in a . single . second ; so that if every 
other circumstance permitted human beings to reside on it, 
their own weight would present an insuperable difficulty, 
since it would become thirty times as great as upon the 
surface of the earth, and a man of moderate size would 
weigh about two tons. 

The periods and velocities of the planets, or the time in 
which they perform their courses, are found to preserve 
the most perfect harmony with their distances from the 
sun, and with one. another. The nearer each planet is to 
the sun, the quicker is its motion, and its period the shorter. 
The great law they observe, may be thus briefly stated : 
the squares of their periodical times are as the cubes of 
their distances from the centres of their orbits. 

We are indebted for a knowledge of this law to the sa- 
gacity of Kepler, who found it to obtain in all the primary 
planets; as sistronomers have since found it also to do in 
the secondary ones. 

Kefder deduced this law merely from observation, and 
comparison of the several distances of the planets with their 
periods : the credit of investigating it from physical princi- 
ples is due to Sir Isaac Newton, who demonstrated, that 
such a law was inevitable. ^ 

. When a body is Iretiuned in a circular orbit, by a force 
directed to its centre, its velocity is everywhere equal to 
that which it would acquire, in falling, by means of the 
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same force, if uniform, through half the radius, that is, 
through one-fourth of the diameter. We may in some 
measure demonstrate the truth of this proposition by 
means of the whirling-table : an apparatus which is ar- 
ranged on purpose for exhibiting the properties of central 
forces, although it is more calculated for showing their 
comparative, than their absolute magnitude; for, accor* 
dingly as we place the string on the pulleys, the two hori- 
zontal arms may be made to revolve either with equal ve- 
locities, or one twice as fast as the other. The sliding 
stages, which may be placed at different distances from the 
centres, and which are made to move along the arms with 
as little friction as possible, are in a certain proportion to 
the weights, which are to be raised, by means of threads 
passing over the pulleys in the centres, as soon as the centri- 
fugal forces of the stages with their weights are sufficiently 
great ; and the experiment is to be so arranged^ that when 
the velocity, having been gradually, increased, produces a 
sufficient centrifugal force, both stages may raise their 
weights, and fly off at the same instant. But, for the ex- 
periment just described, one of the stages only is required, 
and the time of revolution may be measured by a half-se- 
cond pendulum. We may make the force, or the weight 
to be raised, equal ]to the weight of the revolving body, 
arid we shall find that this body will fly off when its ve- 
locity becomes equal to that which would be acquired by 
any heavy body in falling through a height equal to half 
the distance from the centre, and as much greater as issuf- 
ficient for overcoming the friction of the machine. 

The whirling-table is a convenient auxiliary for experi- 
mentally elucidating a variety of curious phenomena, con- 
nected with the form and motions of the planetary bodies ; 
and the author employs the following modification of the 



FORM OF THE EARTH. 376 
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apparatus, /or illustrating the form of the earth. A large' 
glass globe, partly filled with coloured water, is attached 
to the axis of the table, in the centre of which is placed a 
lighted taper. On making the globe revolve rapidly, the 
coloured water occupies the equator of the glass, and forms 
a fluid wall completely round the burning body. 

It having thus been shown that the Earth must of ne- 
cessity be protuberant in its equatorial direction, another 
proof of this fact may now be adduced, namely : that 
a pendulum, calculated to swing seconds at the poles, 
or in a liigh latitude, will not swing seconds at the equa- 
tor, unless it be shortened;''^ therefore, as a pendulum 
swings by the power of gravity, that power is rather less 
at the equator than at the poles ; partly on account of the 
greater distance of those parts from the equator, and 
partly from their greater centrifugal force, which tends 
to throw every thing in a tangent from its surface.-f* If 

* The length of a pendulum to vibrate seconds at Unst, is 
39*17146. But in the neighbourhood of London, only 39*13929. 
Vide Captain Kater in Transactions of the Royal Society, vol. ciir. 
p. 416. 

t The centre of gravity of any mass of matter^ is that point about 
wl^ich its parts exactly balance each other. Hence, if a body is sus- 
pended by this point, it will rest in any position in which it may be 
put, and whatever supports the weight at that point, bears the weight 
of the whole body. If a line be drawn from the centre of gravity of a 
body, perpendicular to the horizoiT, it is called the line of direction, 
and if this fall within the base, the body will remain stable; when, 
however, it falls without the base, the body must fall. 

In th« equilibrium of animals, many circumstances occur illustra* 
tivc of the nature of gravity. When a person stands on one foot, and 
leans forward ip the attitude which is usually exhibited in the stotuca 
of Mercury, the other foot is elevated behind, in order to bring back 
the ween tre of gravity, so as to be vertically over some part of the foot 
on which he stands. But, in the event of any want of precision in 
performing this operation, or from the narrowness of the base, it i» 
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the diurnal, motion of the earth were to cease, its centrifu- 
gal force would of course be destroyed at the same time ; 
in which case, the water it supports, would immediately 
retire, in order to restore the perfectly globular form of the 
earth, and would overwhelm the polar regions. 

The mensuration of the Earth has been effected by 
various mathematicians. Mn Richard* Norwood, in the 
year 1635, took the sun'*s altitude when it was in the sum^ 
mer solstice, both at London and York, with a sextant of 
five feet radius;, and by that means found the difference of 
latitude between these two cities to be two degrees and 
twenty-eight minutes. He then measured their distance in 
as exact a manner as possible; and having tak^n into the. 
account all the windings of the road, with the ascents and 
descents, he reduced it to an arc of the meridian, and 
found it to contain 1S,849 chains ; and this distance being 
compared with the difference of latitude, gave him BS09 
chains to a degree, or about 57,300 French fathoms or 
toises. This method requires no explanation, if the two 
places are considered as lying under the same meridian^ 
which, indeed, is nearly the case. The same operation 
may also be easily performed by trigonometry, when the 
two places lie under different meridians; for if we mea- 
sure the distaiice of any two objects, and take the angles 
which each of them makes with a third, the triangle formed 
by the three objects will become known ; so that the twb 

often found necessary to use muscular exertion, in order to bring the 
point of support to that dide towards which the operator is beginning 
to fall. When elevated on the point of the toe, the base is still more 
contracted, and the body never remains at rest, but by a succession of 
actions of this kind, sometimes too minute to be visible, it is kept in a 
state of perpetual vibration, without ever attaining such a position as 
would ensure positive stability; and by this meani, aided by habit, 
the arts of rope-dancers, and balancers, are acquired. 
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sides may be as accurately determined by calculation, as if 
they had been actually measured in the same mumer as 
the first. And by making either of these sides the base of 
a new triangle, the distances of other objects may be found 
by trigonometry as before ; and thus, by a series of trian- 
gles connected together at their bases, we might measiure 
the whole circumference of the Earth. But thi^ would be 
an enterprise as useless as it is laborious; for, since we 
kpow the relation which any part of a circle bears to the 
entire circumference, the measure of a few degrees, or even 
of one single degree, will give the measure of the whole. 
But by applying the telescope to the quadrant, and fur- 
nishing it with a micrometer, we are enabled to correct a 
great many inaccuracies attending this kind of mensuration. 
The Academy of Sciences at Paris, perceiving from 
these considerations the necessity of a new measure of the 
Earth, represented the execution of it as a measure of na- 
tional honour and importance. M. Picard was the person 
employed to perform this business. He began by mea- 
suring the distance between ViUejuif and Juvisy ; and this 
base, which he found to be 5663 fathoms, was that to 
which he referred all his calculations^ He next placed 
himself at Juvisy, and by directing the telescopic sights 
of his quadrant, the one to the windmill at ViUejuif, 
and the other to the spire of the church at Brie, he 
measured the angle subtended by these two objects. Leav- 
ing that station, he removed to ViUejuif, and, by mea- 
suring the angle between Juvisy and Brie, the distance 
between ViUejuif and Brie was found by calculation to b^ 
11,01S fathoms. This distance he made a new base, and 
by forming. a second triangle between Brie, ViUejuif, and. 
Monthleri, he found the distance, in Uke manner, between 
Brie and Monthleri, to be 13,121 fathoms. He then 
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formed a third triangle between Monthleri, Brie, and 
Monjay; a fourth between Monthleri, Brie, and Mal^ 
Yoisine; and a fifth between Monthleri, Monjay, and 
Mareil ; and from all these measures, the distance between 
Mareil and Malvoisine was found to be 31,897 French fa^- 
thoms. In a similar manner, by means of thirteen trian- 
gles, he proceeded as far as Sourdon, near Amiens, and 
found the distance between Sourdon and Malvoisine to be 
68«480 fathoms. But as calculations are less subject to 
errors than mechanical operations, Mons. Picard, in order 
to avoid every inaccuracy of this kind, took a new base 
near Sourdon, and found its length, both from a continua- 
tion of his trigonometrical operationi^, and from an actual 
mensuration ; and as these exactly agreed, he could no 
longer doubt of the truth of his former calculations. 
This part of his project being finished, he had now to 
reduce the distance between Sourdon and Malvoisine to 
an arc of the meridian. Having obtained this terrestrial 
distance to a great degree of accuracy, he had only to find 
the celestial arc which corresponded with it. This he did 
by observing the meridian distances of the same star, both 
from the zenith of Sourdon and Malvoisine, and taking 
their difierence ; and as this difference, which he found to 
be one degree eleven minutes and fift^-seven seccmds, an- 
swered to a distance of 68,430 fathoms' upon the earth, he 
concluded, by the rule of proportion, that the length of a 
degree must be 57,064 fathoms. But having connected 
Amiens to his series of triangles, and finding from this 
new measure, that a degree would be 57,067 fathoms, he 
took a mean between the two, and fixed his degree at 
57,060,^ or about sixty-nine and a half English miles. 

The surveys were all taken upon a supposition, that the 
Earth was a perfect sphere ; but the truth of this doctrine 
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was soon called in question as the science advanced. 
Newton and Hujgens had shown, from the known laws of 
gravitation, tliat-the true fijs^re of the Earth must be that 
of an oblate dpheroid^ flattened at the poles, and protu- 
berant at the equator. Cassini, on the other hand, depend- 
ing more upon the accuracy of his measures, than upon 
deductions drawn from theoretical reasoning, asserted it 
to be that of a prolate spheroid, flattened at the equator, 
and protuberant at the poles. To decide this important 
question, which had now become a national dispute, it was 
ordered by the French king, that a degree should be mea- 
sured^ both at the equator and polar circle, so that from a ' 
comparison of these with that in France, the true figure of 
the Earth might be determined in as exact a manner as 
possible. For this piirpose, Mess. Maupertuis, Clairaut, 
Camus, Le Monnier, and Outhier, were sent %o the North 
of Europe to measure the remotest degree they could 
reach ; and Messrs. Godin, Bouger, and La Condamine, 
to Peru, in South America, to measure a degree near the 
equator. The first of these mathematicians commenced 
their operations at Tomea, near the Gulph of Bothnia, on 
the 8th of July, 1736, and finished them about the be- 
ginning of June, 1737. M. Maupertuis, soon after their 
return to France, published an exact account of the sur^ 
vey. The result of this measurement was found to be, 
that an arc of the meridian contained between the paral- 
lels of Tornea and Eittis, was equal to 55,02S^ fathoms. 
And as the magnitude of this arc was found, by means of 
the zenith distances of certain fixed stars, to be 57'285", 
it was determined, after proper corrections, that the true 
length of a degree of the meridiap, wliich cuts the polar 
circle, is 67,422 fathoms. Those who were sent to Peru, 
in South America, had still greater difiiculties to encounter 
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than their friaids in Lapland, and were a longer time em- 
ployed in their operations. They ^t out upon their expe- 
dition about a twelvemonth before the former, and did not 
finish their survey till the year 1741. The province of 
Quito was the place determined on as the most proper for 
their purpose. Here they measured an arc of the meridi- 
an, of three degrees seven minutes and one second, and 
found it to contain 176,950 fathoms ; which being reduced 
\o the level of the sea, and properly corrected, the first de- 
gree of the meridian from the equator was found to be 
equal to 56,753 fathoms. These measures afford a com- 
plete demonstration that the Earth is flattened at the poles, 
and protuberant at the equator. For had the figure of it 
been a complete globe, as was formerly imagined, a degree 
of the meridian, in every latitude, would have been found 
the same ; and had the figure been that which was given 
to it by Cassini, a degree at the polar circle would have 
been less than a degree at the equator. 

In explaining the phenomena of the Seasons, which 
result fr6m the motion of our planet, the teacher usually 
has recourse to an orrery, or tellurian ; but the large 
orreries that are generally employed for the illustrar- 
tion of planetary motion, though well calculated for scenic 
effect, are of but little use in solving the simplest pro- 
blems in practical astronomy. But a very ingenious ap- 
paratus has been contrived by Mr. Christie, which materi- 
ally assists in the elucidation of this science.*^ . It is repre- 
sented in the accompanying engraving, and consists of a lamp 
covered by a hollow sphere of ground-glass, 5> representing 
the sun, round which a terrestrial globe, E, moves in a cir- 
cle, whose plane makes with the horizon an angle of 23^% 
two^ parallel levers, L L, L L, supporting the globe, and 
its counterpoise, P, an horizon, k A, and $i meridian, t m. 
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turning with It on its axis, a tenninator, t r, distinguisluDg 
the parts <^ the earth enlightened from those in darkness, 
md a dav-feet pillar or stand, T, supporting the whole. 
. "The top of the stand is furnished with a piece of strong 
steel wire, W, bent 23j° from the perpendicular; corre- 
sponding with the inclination of the earth^s axia to the jJane 
of its orbit. On the bent part of the wire is fitted a brass 
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collar, from the opposite sides of which two points extend 
about an inch ; these points move in centres fixed in the 
upper lever ; and this motion permits the same side of the 
lever to continue upwards while its ends are alternately ele- 
vated and depressed by the motion of the collar on the bent 
wire. The lower lever moves freely on the wire imme- 
diately under the bent part. The levers are connected at 
their ends by two pieces of brass, each piece having two 
square holes in it to admit the ends of the levers. Into the 
opposite sides of each hole are screwed two steel points, 
which move in centres, permitting the connecting pieces to 
continue perpendicular while they are elevated and de- 
pressed with the ends of th^ levers. On the top of the 
piece connecting the long ends is screwed a brass tube, a b, 
containing the axis of a terrestrial globe, resting on a coni- 
cal pointy b. On the lower end of the other connecting 
piece is screwed a leaden weight, which balances the globe, 
and preserves the parallelism of its axis during its annual 
motion. On the top of the bent wire is fixed a board, d c, 
on which are delineated the signs of the zodiac, days of 
the month, &c. ; the board declines 23J° from the level, 
representing a portion of the plane of the earth's orbit, 
and a pointer, c, from the brass collar moves along the cir- 
cles of signs and months, showing the sun's place or day of 
the month, corresponding wdth any position of the globe, 
or the position of the globe corresponding with any place 
of the sun or day of the month. A silk line extends round 
the circumference of this board, and round a pulley on the 
axis of the. globe, to produce the diurnal motion; the line 
is conveyed .from the board to the axis through a brass 
tube, b d, and after passing the pulley on the axis, it is car« 
ried round another pulley, (at b) which is fixed to the end 
of the upper lever, and preserves au equal tension on the 
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line. Into the board immediately over th% centre of mo- 
tion of the levers, is screwed a stem supporting a lamp, 
with its ground glass cover. 

The remaining parts, viz. the hour-circle, the meridian, 
the horizon, and the terminator, are more immedi/itely con^ 
nected with the globe. The hour-circle, e o, is fitted on 
the axis below the globe, sufficiently stiff to preserve its ad- 
justment, when set to the meridian of any place. The me^ 
ridian is a ring of brass attached to the pbles, with its flat 
surface towards the globe ; one semicircle of it is divided 
into degrees, and numbered from the equator towards the 
poles, for finding the latitudes of places, declination of thie 
sun, &c. The horizon is a thin slip of brass, one end of 
which fits into a socket fixed on the other : it is attached to 
a wire -which moves up or down with it in a' groove near 
the edge of the meridian, representing at pleasure the ra- 
tional horizon of any place ; and it is divided into degrees 
and points of the compass, for finding the sun^s azimuth, 
amplitude, &c. ; it is necessary to separate the ends of the 
horizon when it is changed from N. to S. or from S* to N. 
latitude. Both meridian and horizon are turned with the 
globe on its axis, so that, when they are adjusted to the la- 
titude and longitude of any place, they retain their adjust- 
ment till an alteration is required : in the pole of the hori- 
zon a point, I, is fixed on the wire, showing the zenith, to 
which a quadrant of altitude is occasionally attached. The 
terminator is sufficiently large to permit the globe with the 
other circles to turn within it ; this circle is made a little 
concave, to reflect light on those parts which receive but 
little of the direct light, and to mark more distinctly the 
difference between the light and dark hemispheres : it is 
supported by two pivots, (one of which is seen at r,) fixed 
in its opposite sides even with the equator ; these pivots are 
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fitted into the ends of a strong semicircular wire, r it, which 
is supported behind the globe by a very strong piece of 
bent wire, n a, extending from the brass tube containing 
the axis : and the lower part of the terminator is cut to per- 
mit its passing the axis. From it a circular wire, o s, ex- 
tends 9fy upwards, on the top of which a point, 5, is fixed, 
representing a central ray from the sun : this point shows 
the sun^s declination, azimuth, amplitude, altitude, and 
the place where he is vertical at a given time : from the top 
a similar wire,y*g, extends 90° downwards behind the globe, 
where it is attached by a vertical piece, g ky to the upper 
lever produced ; the lower end of the vertical wire is the 
same distance from the piece connecting the levers as its 
upper end is from the centre of the globe ; thus forming a 
kind of parallelogram, which in some positions of the globe 
takes the form of a rectangle, and in others that of a rhom- 
boid. This contrivance preserves the face of the termina- 
tor constantly towards the lamp, and alternately exposes to 
its light the north and south poles during its annual 
motion. 

If we commence in the summer months, we shall find 
the north pole of the Earth inclined to the Sun, and it will 
be evident that a larger proportion of this end of the globe 
is illuminated than of the opposite end. In this season 
then, the days will be longer than the nights; but if we 
still preserve the Earth's poles in the same direction, and 
pass through one-fourth of its orbit, it will be seen that as 
much of the globe is illuminated above the equator as 
there is beneath ; consequently, the day and night must be 
equal. Passing on towards the winter season, we find the 
south pole of the Earth presented towards the Sun, and as , 
Great Britain is situated North of the equator, our nights 
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must then be longer than the day ; this, then, ia our winter 
season. 

Thus we see the reason why the days lengthen and 
shorten from the equator to the polar circles every year ; 
why there is periodically no day or night for many turi^ 
ings of the earth within the polar circles ; why there is but 
one day and one night in the whole year at the poles ; and 
why the days and nights are equally long all the year 
round at the equator, which is equally cut by the circle 
bounding light and darkness. The inclination of an axb, 
or of the plane of an orbit, is merely relative, arising out of 
the comparison we make with some other axis or orbits 
which we do not consider as inclined at all. 

Though we say that the inhabitants within the arctic 
.and antarctic circles are at opposite times of the year de- 
prived of the sight of the sun, yet they are, not altogether 
deprived of his light; for the atmosphere reflecting and re^ 
fracting the sun*s light, forms a twilight at the distance of 
even eighteen degrees. Hence, the day breaks to us when 
the sun is still eighteen degrees below the eastern horizon ; 
and we have his light in the evening till he sinks eighteen 
degrees below the western. But as th^ sun in summer 
rises considerably to the north of the east, and sets also to 
the north of the west with us, he rises and sets very ob* 
Kquely to the horizon, and the twilight is of long duration. 
At Midsummer, Great Britain has no night, for the whole 
island is within eighteen degrees of the horizon, or bound- 
icry of the sun^s light. In high southern latitudes, they 
enjoy in their turn the same advantage ; but at the equa^ 
tor, the sun sinks abruptly from the horizon, because his 
path is at right angles to it, or very nearly so ; and the 
quick transition from the glare of day to utter darkness, 
cuts^ off the enjoyment of the twilight hour^ 
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Aitronomers, however, usually commence the year in the 
spring, when the sun is in that node of the equator, or equi* 
noctial point, at which the days begin to lengthen in the 
northern hemisphere. Now it is plain that if the equinoc-> 
tial points had no motion, the earth would complete one re- 
volution in its orbit in the same time that the sun employs 
in apparently passing from one of the equinoxes, and return- 
ing again to the same. But as there is a retrograde mo- 
tion, the line of the nodes of the equator, or diameter of the 
earth which joins the equinoctial points, is brought to coin* 
cide again with the line which joins the centres of the sun 
and earth, before its periodical revolution is completed ; and 
therefore the circle of the seasons is performed in less time 
than the earth^s revolution in its orbit The actions both of 
the sun and moon on the redundant matter in the equatorial 
region^ tend to produce this motion, which is so slo^, that a 
oomplete.revolution will not be finished in less than twenty- 
five thousand years. This is called the precession of the 
equinoxes, and is the reason that the fixed stars appear 
to advance in longitude about fifty seconds of time iq a 
year: whence it has happened, that^ since the time of 
Ptolemy, the zodiacal figures have advanced the greater 
part of a whole sign : the constellation Aries being situated 
in that part of the ecliptic which is denominated from Tau-* 
rus ; Taurus in the place of Gemini, &c. The difi^^rence 
between the natural year, or period of the seasons, and the 
periodical year, or time of the earth^s revolution in its <»•- 
bit, has already been fully examined when treating of the 
sun and earth. 

The sidereal, year, or time employed by the sun in re- 
turning to the same apparent position with respect to a 
fixed star, is 866'*.6\9'.9^. The difference between the 
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periodical alid sidereal year is occasioned by the motion of 
the apsis of the earth's orbit. 

The mption of the moouy or satellite that attends on our 
planet> must next be examined^ as its phases depend on a 
continual change of place. 

Altboi^ the moon^ in reality, revolves about the com- 
mon centre of gravity between itself and the earth, and not 
about the earth itself, and consequently their motions and 
irregularities are similar, and not confined to the moon 
alone ; yet it may be easily conceived, that the conclusions 
with reference to the latter body, are tiot affected in any 
degree that may be here regarded, when, for the sake of 
conciseness, we suppose one of the two bodies to be qui- 
escent, and the other to revolve about it. 

When the moon is visible in the day-time, its light is so 
nearly equal to that of the lighter thin clouds, that it is 
with difficulty distinguished amongst them. Its light con- 
tinues the same during the night ; but the absence of the 
sun, suffering the aperture or pupil of the eye to dilkte it- 
self, renders it more conspicuous. It therefore follows, 
that if every part of the sky were equally capable of re- 
flecting light with the moon's disc, the light would be the 
same as if, in the day-time, it were covered with the thin 
clouds above-mentioned. We discern a variety of spots 
with the naked eye, which the imagination naturally 
supposes to be spacious seas, and continents; but on a 
more accurate inspection, with the assistance of a telescope,, 
it is perceived that many of those appearances are occasion- 
ed by vast cavities, closely intersected by mountainous 
ridges. The heights of these mountains may easily be 
found ; for by the horizontal parallax, we know that the 
earth^s apparent diameter, seen from the moon at its mean 
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distance, is VBV (182, x ) or 6840 seconds ; while that of 
the moon, seen from the earth at the same distance, is SV99^\ 
or 1889 seconds. Their absolute diameters must therefore 
be in proportion to these numbers. Consequently, if we 
find the proportion the height of a lunar mountain bears to 
the moon^s diameter, we may, without difficulty, find the 
quantity of that height in miles, or other terrestrial di- 
mensions. 

These mountains and cavities are known to be such, 
from their shadows. In the first and second quarters; 
when the sun shities obliquely on the face of the moon, the 
elevated parts cast a triangular shadow in the direction 
from the sun ;- and, on the contrary,^ the cavities are dark 
on the side next the sun, and illuminated on the opposite 
fiidel The shadows shorten as the sun becomes more di- 
i^tly opposed to the anterior face of the moon, and at 
length disappear at the time of the full. During the third 
and last quarters, the shadows appear again, but all fall 
towards the contrary side of the moon, though still with 
the same distinction.: namely, that the mountains are dark 
and shady on the side farthest from the sun, and the pits 
lafe dark on the side next the sun. 

The most remarkable apipearance in the moon, is the 
t^ntinualchai^ of figure to which it is subject. Some- 
times it appears perfectly full, or circular^ at othier times 
less than half-illuminated, changing through a very great 
yariety of figures. These changes being always the same 
si the same elongation from the sun, are a proof that it re- 
aves its light from that luminary; for the moon is eur- 
iightened only on the side that faces the sun; and a 
greater or less quantity of that enlightened part is visible 
to us, according to our position. This cannot be better il- 
lui^rated than by an ivory ball, which bein^ -held in the 
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sun in various positions, will present a greater or less part 
of its illuminated side to the view, of the observer. If it 
be held nearly in opposition, so that the eye of the ob- 
server may be almost immediately between it and. the sun, 
the greatest part of the enlightened side will be seen. 
But if it be moved in a circular orbit towards the sun, 
the visible enlightened part will gradually decrease, and at 
last disappear when the ball is held directly towards the 
sun. Or, to apply the experiment more immediately to 
our present purpose, if the ball at any time, when the sun 
and moon are both visible, be held directly between the 
eye of the observer and the moon, that part of the ball on 
which the sun shines, will appear exactly of the same 
figure as the moon itself. 

Since the earth, when beheld from the moon, must al- 
ways appear in the part of the heavens immediately oppo- 
site the mobn^s apparent place, as seen from the earth, the 
enlightened side of the. earth will have the same figure, 
when seen from the moon, as the dark side of the moon 
would exhibit if it could be seen at the same instant from 
the earth. Thus, when the moon is invisible, or near the 
conjunction, the earth is in opposition, and presents a full 
luminous face to the moon ; and on the contrary, when the 
moon is at the full, or opposite the sun, it must be on the 
dark side of the earth, which consequently then becomes 
invisible. 

When the earth, in turning o;i its axis from west to 
east, has revolved from one meridian to the same meridian 
again, the moon, which also revolves from west to east, 
has advanced over little more than a thirtieth part of her 
orbit, or 1S° and some minutes: this is not, however, con- 
stantly the case, except at or near the equator ; for on ac- 
count of the diffe|?ent angles made by the horizon .at di 
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ferent ports of the moon's orbit, this retardation differs 
considerably in places of high latitude. Twice in the year 
she rises for a week together, nearly at the same time ; and 
these phenomena happening successively in autumn, the 
earlier is called the harvest moon^ and the latter the hunter^s 
moon. We shall chiefly be indebted to Ferguson for the 
explanation of these problems. 

The plane of the equinoctial is perpendicular to the 
earth's axis ; and, therefore, as the earth turns round on 
its axis, all parts of the equinoctial make equal angles with 
the horizon, both at rising and at setting ; so that equal 
portions of it always rise or set in equal times. Con- 
sequently, if the moon's motion were equable, and in the 
equinoctial, at the rate of 12^11' from the sun every day, 
as it is in her orbit, she would rise and set fifty minutes 
later every day than* on the preceding day : for I^IV of 
the equinoctial rise or set in 50^ of time in all latitudes^ 
But the moon^s orbit is so nearly in the same plane as the 
ecliptic, that we may consider her at present as moving in 
the ecliptic. Now the different parts of the ecliptic, on ac- 
count of its obliquity to the earth's axis, make very dif- 
ferent angles with the horizon as they rise or set. Those 
parts or signs which ri^ with the smallest angles, set with 
the greatest, and vice versa. 

In northern latitudes, the smallest angle made by the 
ecliptic and horizon, is -when Aries rises, at which time 
Libra sets ; the greatest when Libra rises, at which time 
Aries sets. From the rising of Aries to the rising of Li« 
bra, (which is twelve siderial hours,) the angle increases ; 
and from the rising of Libra to the rising of Aries, it de- 
creases in the same proportion ; hence it appears that the 
ecliptic rises fastest about Aries, and slowest about Libra. 

On the parallel of London, as much of the ecliptic 
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risefii about Pisces and Aries in two hours^ as the mooa 
goe9 through in six days ; therefore, whilst the modn is in 
these signs, she differs but two hours in rising for six 'days 
together, that is, ^bout twenty minutes later every day or 
night than on the preceding, at a. mean rate. But in four- 
teen days afterwards, the moon comes to Virgo and Libra, 
which are the opposite signs to Pisces and Aries: .and 
then she differs almost four times as much in rising; 
namely, one hour and about 15' later every day or night 
than the preceding, whilst she is in these Aligns. As the 
signs Taurus, Gemini, Cancer,. Leo, Virgo, and Libra, 
rise successively, the angle of the ecliptic with the horizon 
increases gradually ; and decreases in the same proportion 
as they set; and for that reason, the moon differs gra- 
dually more in the time of her rising, every day whilst 
she is in these signs, and less in her setting : after which, 
through the other six signs, viz. Scorpio, Sagittarius, Ca- 
pricorn, Aquarius, PisceS, and Aries, the rising differ- 
ence becomes less every day, until it arrive at the least of 
all'; namely, in Pisces and Aries. 

The moon goes round the ecliptic in about twenty-seten^ 
days and eight hours ; but not from change to change in 
less than about twenty-nine days and a half, so that she is 
in Pisces and Aries at least once in every lunation, and 
all ; in some lunations twice. * , 

If the earth had no annual motion, the *un would never 
appear to shift its place in the ecliptic, and then every new 
moon would faJl in the* same sign and degree of the eclip- 
tic, and every full moon in the opposite; for the moon 
would go precisely round the ecliptic from change to 
change. So that if the moon was once full in Pisces or 
Aries, she would always be full when she came round to 
the same sign arid degree again. And as the full-moon 
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rises at sun-set, (because, when any point of the ecliptic 
sets, the opposite point rises,) she would constantly rise 
within two hours of sun-set, on the parallel of London, 
during the week in which she was full. But during the 
time that the moon goes round the ecliptic from any con- 
junction or opposition, the earth goes almost a sign forward, 
and, therefore^ the sun will seem to go as far forward in 
that time, namely, ^i° ; so that the moon must go 27^*" 
more than the round, and as much farther as the sun ad- 
vances in that interval, which is 2^% before she can be in 
conjunction with, or opposite to the sun again. Hence it 
is evident, that there, can be but one conjunction or oppo- 
sition of the sun and moon in a year^ in any particular 
"pait of the ecliptic. This may be familiwly exemplified 
by the hour and minute hands of a watch, which in twelve 
hours are never in conjunction or opposition in that part of 
the dial-plate where they were so last before. 

As the moon can never be full but 'when she is opposite 
to the sun, and the sun is never in Virgo and Libra but in 
our autumnal months, it is plain that the moon is never 
full in the opposite signs, Pisces and Aries, but in these 
two months; and therefore we can only have two full 
moons in the year which rise nearly at the timis of sun-set 
for a week together, as has been mentioned above. 

When the moon is in Pisces and Aries, she must rise 
with nearly the same difference of time in every revolution 
through her orbit, which is exactly the phenomenon of the 
harvest-moon ; but it passes unobserved, because in win- 
ter, those signs rise at noon, and being then only a quarter 
of a circle distant from the sun, and the moon in them is 
in her first quarter, and rises about noon, at which time her 
rising is not noticed. In spring, those signs rise with the 
sun, for the sun is in them ; consequently, the moon being 
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in them too^ is in conjunction with the sun, and therefore 
her rising is invisible. In summer, those signs rise about 
midnight, and the sun is three signs, or about 90"" before 
them^ therefore, the moon in them must be in her third 
quarter, when she gives little light, and rises late, on 
which accounts, the phenomenon of her rising for some 
nights with little difference of time, passes unnoticed. In 
autumn, however, the case is diiSerent, for the gigns of Pis- 
ces and Aries then rise about sun-set, and therefore the 
moon being in them, is in opposition to the sun, conse- 
quently full, and rises in great splendour when the sun 
sets, and seems to prolong the day, for the advantage of 
the husbandman at the time of harvest. 

In northern latitudes, the autumnal full-moons are in 
Pisces and Aries ; and the vernal full-moons in Virgo and 
Libra. In southern latitudes, just the reverse, because 
the seasons are contrary. But Virgo and Libra rise at as 
small angles with the horizon in southern latitudes, as 
Pi^es and Aries do in the northern; and therefore the 
harvest-moons are just as regular on one side of the equa* 
tor as on the other. 

« 

As those signs which rise with the least angle, set with 
the greatest, the vernal full-moons di£Per as much in their 
times of rising every night, as the autumnal full-mbons 
differ in their times of setting ; and set with as little dif-. 
ference as the autumnal full-moons rise ; the one being in 
all cases the reverse of the other. 

Hitherto, to avoid the complication of the subject^ the 
moon's orbit has been supposed to coincide with the eclip- 
tic ; but since her orbit makes an angle with the ecliptic, 
varying from 6° to 6°18', one half of it is on one rfde of 
the ecliptic, and the other on the other side, and she only 
coincides with it when at the. points of intersecticH), called 
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her nodes, which couwidence cannot happen less than 
twice, but sometimes happens thnce, between change aiid 
change. For as the moon goes ahnost a whole sign moke 
than round her orbit from change to change, if she passes 
through either node at, or a little before the time of 
change, she will pass by the other about fourteen days 
afterwards, and come round to the former node before the 
next change. When the motion is northward of the eclip- 
tic, she rises sooner and sets later than if she moved in the 
ecfiptic ; and when she is southward of the ecliptic, she 
rises later and sets sooner. This difference is variable, 
even in the same signs^ because the nodes shift backwards 
about 19^ in the ecliptic every year, and so go round it, 
contrary to the order of the signs, in eighteen years two 
hundred and twenty-eight days. 

When the ascending node is in Aries, the southern half 
of the moon^s orbit makes an angle of 5^° less with the ho^ 
rizon than the ecliptic does when Aries rises in northern 
latitudes; for which reason, the moon rises with less dif- 
ference of time when she is in Pisces and Aries, than if she 
moved in the ecliptic, and will differ only one hour and 
forty minutes for the whole of seven days. But in nine 
years oiie hundred and fourteen days afterward^, the de- 
scending node comes to Aries, and then the moon's orbit 
makes an angle of S^ greater with the horizon when Aries 
rises, than the ecliptic -does at that time ; which causes the 
moon to rise with greater difference of time in Pisces and 
Anes, than if she moved in the ecliptic; this difference, 
in the course of a week, will amount to full three hours 
and a half. Hence, though we observe the phenomenon of 
the harvest-moon every year, yet it is not every year 
equally remarkable, but alternately, for a period of nearly 
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nine years and a half, it is greatest and least ; from 181S 
to 1815 is the remainder of a period during which the 
harvest-moon varies most in the time of rising; from 1816 
to 1825, includes a period during which the difference is 
the least. 

The principal phenomena of the tidf!s, in which the moon 
is so material an agent, may be thus illustrated. 

1. The sea is observed to flow for about six hours from 
south to north, gradually swelling ; after this it seems to 
rest for a quarter of an hour, and then to ebb, or retire 
back again from north to south, for six hours more. Then 
after another pause of about a quarter of an hour, the sea 
again begins to flow; and so on alternately. 

2. The time of a flux and reflux is, on an average, 
about twelve hours and twenty-five minutes, and twice 
this time, or twenty-hours and fifty minutes, is the period 
of a lunar day, or the time between the moon's passing a 
meridian^ and coming to the same point of it again. So 
that the sea flows as often as the moaa passes the meridian, 
that is, as well when she comes to the arch above the hori- 
zon, as when she comes to that below the horizon ; and 
ebbs as often as the moon passes the horizon, both on the 
eastern and western side. 

3. The elevation of the waters on that side of the earth 
immediately under the moon, somewhat exceeds the eleva- 
tion of the opposite side, and in all cases the elevation 
diminishes from the equator to the poles. 

4. The sun raises and depresses the sea twice every day, 
in the same manner as the moon ; but the solar influence 
in* this respect is less than that of the moon, in the propor- 
tion of i to 8. 

5. The tides which depend on the actions of the sun and 
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moon, are not distinguished, but compounded ; and thus 
they form, to appearance, one united tide, which, increasing 
and decreasing, produces neap and spring tides. 

6. In the syzygies, that is, when the moon is either new 
or full, the action of both luminaries concur, and the tides 
are highest ; but they are least in the quadratures, or when 
the lines of their action are ninety degrees apart; for 
where the water is elevated by the moon, it is depressed by 
the sun, and vice versa. Therefore, while the moon passes 
from the syzygy to the quadrature, the daily elevations 
are continually diminished ; on the contrary, they are in- 
creased, while the moon passes from the quadrature to 
the syzygy. At the new moon, also, the tides are the 
greatest, because the sun and moon are not only in the 
same line, but on the same side of the earth ; and at this 
time the tides of the same day are more different than 
those at full-moon. 

7. The greatest elevations and depressions take place on 
the second or third day after the new and full mocm ; and 
they are the greater, the nearer the luminaries are to the 
plane of the equator ; they are therefore greatest in the 
syzygies at the time of the equinoxes. 

8. The actions of the sun and moon are greater, the 
nearer these bodies are to the earth ; and the greatest tides 
happen when the sun is a little to the south of the equa- 
tor; but this does not happen regularly every year, be- 
cause some variation may arise from the situation of the 
moon^s orbit, and the distance of the syzygy from the 
equinox. 

9. As the mean force of the moon to move the sea, is to 
that of the sun nearly as 8 to 1 ; if the action of the sun 
alone would produce a tide of two feet, which it is said to 
do, then that of the moon will be six feet ; hence, the 
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spring-tides will be* eight feet^ and the neap-tides four 
xeec* 

We have seen that the waters of the ocean must rise at 
the same time at that part of the ocean which is immedi- 
ately under the moon, and at the opposite point. Conse- 
quently, at ninety degrees from these points on each side, 
the water must be lowered. In the same manner, the so- 
lar action must elevate the waters in that part which is im- 
mediately under the sun, and at the part diametrically op- 
posite. Combining the two actions^ we shall find that the 
elevation of the water -at the same place must be subject to 
some variations, both with respect to quantity and time, acv 
cording as the solar and lunar actions are combined, or ac- 
cording as these forces a^t differently, or against each other. 
In general, in conjunctions and oppositions of the sun and 
moon, their forces are combined. In conjunctions, these 
bodies act on the same meridian ; and in opposition, they 
still act in the same line, and each raises the water on tjiat 
side which is immediately under it. In the quadratures^ 
on the contrary, the water which is elevated by the sun, is 
depressed by the moon^s attraction, for the moon is then 
ninety degrees from the sun. Thip, then, is the time of 
the lowest, or neap-tides ; and the highest, or spring-tides, 
happen at new and full moon, when the two luminaries are 
in conjunction, or opposition. In the course of every day 
there are two tides, which depend upon the action of the 
sun, as in every lunar day there are two, which depend 
on that of the inoon; all follow, however, the same laws. 
The effect of the sun, as has been stated, is, however, 
much feebler than that of the moon ; as the mass of the 
sun is much greater than that of the earth and the moon 
together, yet its immense distance lessens its force most 
materially. 
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In general, the nearer the moon happens to be to the 
earth, the greater if its attraction; and the same may 
be said of the son. Laying aside, for the present; the 
action 'of the sun on the ocean, the highest tide would 
be at the moment when the moos ^passed the meridian, 
if the waters had not, like all other bodies in motion, a vis 
inertiay by which they are inclined to retain the impres* 
sion they have recmed. But this force must necessarily 
produce two effects. It must retard the time of high 
wata:,* and it must in general diminish the height of the 
tide. As a proof, let us for a moment suppose the earth 
at resty and the moon above it in a certain point. Ab- 
stracting, th«i, the action of the sun, the force of which 
upon the tides is much less than that of the moon, the 
Water would unquestionably rise in that part trhich wab 
under, the moon. Let us suppose again that the earth 
turns upon its axis, on one side it turns very rapidly ai^ to 
the motion of the moon; and on the other^ the wajter 
which has been raised by the moon, and which turns with 
the earth, endeavours (if we may use the expression) to 
preserve by its vis inertia^ the elevation which it has ac- 
quired, though in withdrawing from the itnoon, it loses 
soitiewhat of that elevation. Thus, the water carried for-^ 
ward by the motion of the earth on its axis, will be ele- 
vated more to the east of the moon than it would have 
been without this motion ; yet it will at the same time be 
less elevated tl)iatt it would have been directly under the 
^loon., had the earth continued immovable. The motion 
of the earth on its own axis, then, has in general a ten- 
dency to retard the time of high water, and to lessen itfi 
elevation. Both after the flux and reflux, the ocean con- 
tinues^some time quiescent, neither disposed to rise or fall ; 
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because the waters have a tendency to preserve the state 
of rest and equilibrium in which they are at the flood lind 
ebb tide; and because the, motion of the earth, displacing 
the waters with relation to the moon, lessens the intensity 
of the action of that lummary. These two efforts counter- 
balance each other for some moments. We must add al- 
so^ that the attraction of the particles of the fluid to each 
othet, and obstacles of different kinds, which must retard 
their motion, prevent them from passing all at once from 
th^ tide of flood to that of ebb. The moon passes above 
the eastern parts of the globe before the western* The 
flood-tide, therefore, always proceeds in this direction. 

From the lightness of the air^ its freedom of motion, 
and its greater nearness to the moon than the ocean, it may 
be supposed that there are aerial tides of great elevation; 
but experience seems to contradict this supposition when 
we ^nd that there are no changes of the barometer saw 
tisfactorily indicating this to be the case. A little cotw 
sideration, however, will show, that such a change of the 
barometer is Qot to be expected. By the preceding theory 
of the tides, it appears that water is higher immediately 
under the moon, and at the same time to the antipodes of 
the point immediately under her, that is, at those two 
places on the earth where her attraction is greatest and 
least. Now, though the water is higher at these two points 
than elsewhere, yet it does not follow that the water, from 
its increased quantity, presses ^ith a proportionably greater 
weight on the bottom of the ocean than before it was thu^i 
raised up, because the moon's attraction has diminished 
that tendency to the centre of the earthy which consti- 
tutes the weight of bodies. Hence we may suppose, that 
though the .moon draws up the atmosphere to a great: 
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height, yet a higher column of mercury it not supported 
through this circumstance, because the actual weight of 
the atmosphere remains but lit^e affected. 

The motion of the planetary bodies by intercepting the 
sun's rays, occasionally produces an eclipse of that lu- 
minary,* 

With reference to the phenomena of eclipses^ it may b« 
obseryed that new moon is that situation of the earth^s sa^ 
tellite, in which it has exactly the same longitude as the sun. 
This phase may take place at any part of the lunar orbit, 
either in the nodes, or any distance from thiem. In the first 
case, she will appear to pass over the disc of the sun ; but if 
at the conjunction, or time of the new moon, she should be 
at some distance from the node, as is usually the case, she 
will be invisible to us ; but were she visible at this time, 
we should see her directly over, or under the sun ; and the 
distance would be the greater, the farther the ipoon was 
from the node : but this distance never could much exceed 
S\ or the angle expressing the inclination of the two 
orbits. 

Full moon is that position of the moon when her longi- 

* The words transit, ocetdtation, and ed^e, are all employed to de- 
signate the same general phenomenon^ of one heavenly body being 
lost sight of, either wholly or in part, by the interposition of another; 
but they are not used indiscriminately. The word transit denotes the 
passage of the inferior planets, Venus and Mercury^ over the sun's 
disc ; occuhation, the disappearance of the stars or planets by the inter- 
position of the moon ; and eclipse, 1st, to the obscuration of the moon, 
when this luminary falls into the earth's shadow, called an ecHpse of 
the moon ; 2nd, to the obscuration of the suu^.when the earth falls in- 
to the moon's shadow, called an eclipse qfthe sun ; and 3d, to the ob- 
scuration of the satellites of any of the planets, by their coming with- 
in the shadows of their respective primaries. One of the two first of 
tbe^e three phenomena is always meant when the word edipse is 
used alone. 
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tude differs exactly half a circle from that of the siin ; that 
is, its longitude is the. same as the longitude of the centre 
of the earth^s shadow, if we suppose it extended till it meet 
the ecliptic. This phase of the moon may take place like* 
wise in any part of her orbit ; she may therefore be above, 
below, or in the centre of the earth^s shadow ; in which lat- 
ter case, being deprived of the. light of the sun, by the in- 
terposition of the earth, she will be eclipsed. 

When the moon passes the conjunction, or becomes new, 
near to. the node, she eclipses the sun, and when she is full, 
or in opposition, in iimilar circumstances, she herself en-* 
ters the earth's sbabow. The earth's shadow consists o[ 
two piarts ; the true shadow, within which none of the sun's 
surface is visible, and the penumbra, which is deprived of a 
part only of the sun's light ; the true shadow forms a cone 
terminating in a point, at a little more than 34 times the 
mean distance of the moon; the penumbra, on the con- 
trary, constitutes, together with the shadow, a portion of a 
cone diverging from the earth without limit ; but the only 
effect of this imperfect shadow is, that it causes the be- 
^nning of a lunar eclipse to be incapable of very precise 
determination ; for the limit of the darkened part of the 
moon, as it appears in the progress of the eclipse, is that 
of the true shadow, very little enlarged by the penumbra. 
The true shadow, wh^re the moon crosses it, is about 80 
minutes in diameter, as seen from the earth, while the 
moon herself is only 80. This shadow is not, however, 
wholly deprived of the sun's light ; for the atmospheric re- 
fraction inflects the light passing nearest to the earth, in 
an angle of 66 minutes, and causes a great part of the sha- 
dow to be filled with light of a ruddy hue, by means of 
^ich the moon remains still visible to us, the cone of total 
darkness extending to somewhat less'than twp-tbirds of the 
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moon^ft distance. But it has sometimes happened, probably 
from the effects of clouds occupying the greatest part of our 
atmosphere, that the moon has totally disappeared. 

When the sun is eclipsed, it depends on the situation of 
the earth and moon in their orbits, whether the sun or 
moon subtends the greatest angle as seen from the earth ; 
since at their mean distances, their apparent diameters are 
each about half a degree. If the sun^s apparent diameter is 
the greater, the eclipse, when the centres coincide, must be 
annular^ the margin of the sun's disc being still visible in 
the form of a ring : when the moon'^s apparent diameter is 
greater than the san\ the eclipse, if central, becomes to- 
tal ; but still a ring of pale light is seen round the disc, 
which has been attributed to the effect of the sun^s atmo- 
sphere, since that of the moon is probably too inconsiderable 
to produce the appearance : a red streak is also sometimes 
observed at the margin, before the actual emersion of the 
sun. The degree of darkness depends on the cDtuatum of 
the place of observation within the shadow, on account <^ 
the greater or less illumination of the atmosphere within 
view : sometimes a considerable number of stars may be 
seen during a total eclipse of the sun. 

To complete the above view of the solar system, it will 
be necessary now to examine another class of bodies, dif- 
£ering very considerably in their arrangement from the pla- 
nets. These are die comets : they generally appear at- 
tended by a nebulous light, either surrounding them as a 
eomma, or stretched out to a considerable length as a tail ; 
and they sometimes seem to consist of such light only. 
Their orbits are so eccentric, that in their remoter Situa- 
tions, the comets are no longer visible to us, although at 
other times they approach much nearer to the sun than any 
of the planets : for the comet of 1680, when in its peri- 
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helion, was at the distance of ooly one-sixth of the sim^s 
diameter from its surface. Their tails are often of great 
extent, appearing as a faint light, directed always towards 
a point nearly opposite to the sun : it is quite uncertain of 
what substance they consist ; and it is difficult to determine 
which of the conjectures respecting them can be considered 
as the least improbable : it is posdble that, on account of 
the intense cold to which the comets are subjected in the 
greatest part of their revolutions, some substances, more 
light than any thing we can imagine on the earth, may be 
retained by them in a liquid, or even in a solid form, until 
they are disengaged by the effect of the. sun^s heat. But we 
are still equally at a loss to explain the rapidity of their 
ascent ; for the buoyancy of the sun's atmosphere cannot 
possibly be supposed to be adequate to the effect ; and on 
the whole, there is, perhaps, reason to believe that the ap* 
pearances are derived from some cause, bearing a consider- 
able analogy to the fluid supposed to be concerned in the 
effects of electricity. It is probdble that the density of the 
4iucleus, cur the body of the coiaet itsdf, is comparatively 
small^ and its attraction for the tail consequently weak, so 
that it has little tendency to reduce the tail, even if it coi^ 
sists oi a material substance, to a spherical form; for since 
some comets have no visible nucleus at all, there is no diffi-^ 
culty in supposing the nucleus, when present, to be of a 
-very moderate density, and perhaps to consist of the same 
land ct substance as ccmstitutes tibe tail, or onnma, in a state 
of somewhat greater condensation. If, therefore, it should 
ever happen to a planet. to fall exactly in the way o£ a 
comet, of which there is but very little probability, it is to 
he supposed that the inconvenience suffered by the inha- 
bitants of the planet might be merdly temporary and local : 
tbe ch^mces are, however, muph greater^ that a comet 

2d2 
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might interfere in such a manner with a planet^ as to deflect 
it a little from its course, and retire again without coming 
actually into contact with it 

The number of comets is very much greater than that of 
the planets which move in the vicinity of the sun. From 
the reports of former histcmans, as well as from the obser- 
-^ations of late years, it is ascertained that more than four 
hundred and fifty have been seen previous to the year 
1771 ; and when the attention of astronomers was called 
to this subject, by the expectation of the return of the co- 
met of 1759, no fewer than seven were observed in the 
course of as many years. From this circumstance, and 
the probability that all the comets recorded in ancient au- 
thors, were of considerable apparent magnitude, while the 
smaller were overlooked ; it is reasonable to conclude that 
the number of comets is considerably beyond any estima- 
tion that might be made from the observations we row 
possess. But the number of comets whose orbits are set- 
tled with sufficient accuracy to ascertain their identity when 
they may appear again, is no more than fifty-nine, reckon- 
ing as late as the year 1771. The orbits of most of these 
are inclined to the plane of the ecliptic in large angles, and 
the greater number of them approached nearer the sxax 
than die earth ever does. Their motions in the heavens 
are not at all in the order of the signs, or direct, like those 
of the planets; but the number whose motion is retro- 
grade, is nearly equal to that of those whose motion is di- 
rect. 

The analogy betweeii the periodical time of the planets, 
and their distances from the sun, discovered by Kepler, 
takes place also in thexomets. Hence, the mean distance 
of a comet from the sun may be found by comparing its 
period with the time of the earth's revolution round the 
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BUD : thuS) the period of the comet that appeared in 1581, 
1607, 1682, and 1759, being about seventy-ax years, its 
mean distance is found by this proportion : as the square of 
one year, the earth's periodical time, is to 5776 the square 
of 76, the. Comeths periodical, time ; so is 1,000,000 the 
cube« of 100, the earth's mean distance from the sun, to 
5j;776,000,000 the cube of the comet^s mean distance, the 
cube root of which is 1794, the mean distance itself, in 
such parts as the mean distance of the earth contains 100. 
If the perihelion distance of this comet, 58, be taken from 
8588, double the mean dista^nce, we shall have the aphelion 
distance 3530 of such parts as the distance of the earth 
contains 100 ; and this is little more than 35 times the dis- 
tance of the earth from the sun. By a like method^ the 
aphelion distance of the comet of 1680, comes out 138 
times the nleau distance of the earth from the sun, sup- 
posing its period to be 575 years ; so that this comet in its 
aphelion, goes to more than 14 times the distance from the 
sun that Saturn does. 

Comets, in describing their elliptic orbits round the 
sun, have been found to be disturbed by the actibn of 
the larger planets, Jupiter a.nd Saturn ; but the great ec- 
centricity of their orbits makes it impossible, in the present 
state of mathematical science, to assign the quantity of 
that disturbance for an indefinite number of revolutions, 
though it may be done for a limited portion of time, by 
considering the orbit as an ellipsis the elements of which 
are continually changing. This method was suggested by 
La Grange, and is followed in the M6canique Celeste. 
Dr. Halley, when he predicted the return of the comet of 
1682, took into consideration the action of Jupiter, and 
concluded that it would increase the periodic time of the 
comet a little Qiore than a year ; be therefore fixed the 
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time of the reappearance to the end of the year 1768, or 
the beginning of 1769* He professed, howeyer, to bxwe 
made this calculation hastily, or, as he expresses it, lew 
calamo. — (Synopsis of the Astronomy of Comets.) 

The effects both of Jupiter and Saturn, on the return of 
the same comet, were afterwards calculated more accurate- 
ly by Clairaut, who found that it would be retarded 511 
days by the action of the former planet, and 100 by the 
action of the latter ; in consequence of which, the retium of 
the comet to its perihelion would be on the 15th of April, 
1759. He admitted, at the same time, that he might be oiit 
a month in his calculation. Tlie comet actually reached its 
periheli(m on the Idth of March, just thirty-three days 
earlier than was predicted ; affording, in this way, a very 
striking verification of the theory of gravity, and the cal- 
culation of disturbing forces. The same comet may be ex* 
pected again about the year 18S5. 

In some instances, the effects which die planets produce 
on the motion of comets, are far more considerable than 
in this example. A OMnet which was observed in 1770, 
had a motion which could nut be reconciled to a parabolic 
orbit ; but which could be represented by an elliptic orbit 
of no great eccentricity, in which it revolved in the space 
of five years and eight months. This comet, however, 
which had never been seen in any former revolution, has 
not been seen in any subsequent one. On tracing the 
path of this comet, Mr. Burkhardt found that, between the 
years 1767 and 1770, it had come very near to Jupiter, 
and had done so agidn in 1779. He therefore eoKkjectured, 
that the action of JujHter may have so altered the original 
orbit, as to render the comet for a time visible from die 
earth ; and that th& same cause may have so diaHged 
it, after one revdution, as to restc^e the comet to the sam^ 



ORBITS OF COMETS. 407 

legion in which it had formerly moved. This, if a true 
conjecture, is the greatest instance of disturbance which 
has yet been discovered amopg the bodies of our system, 
and furnishes a very happy as well as an^ unexpected con* 
firmation of the theory of gravity. 

Though the comets are so much disturbed by the action 
of the planets, yet it does not appear that their re-action 
produces any sensible effect. The comet of 1770 came so 
near to the earth as to have its periodical return accele- 
rated by two days ; two hundred and forty-six, according 
to La Place ; and if it had been equal in mass to the 
earth, it would have augmented the length of the year by 
not less than two hours and forty-eight minutes. It is cer- 
tain that no such augmentation took fdace, and therefore 
that the disturbing force by which the comet diminished 
the gravity of the earth is insensible^ and the mass €i the 
cpmet, therefore, less than l»500th of the mass of the 
earth. The same comet also passra through the middle of 
the satellites of Jupiter. Hence, it is reasonable to con- 
clude, that no material, or even sensible aIter|ition,*ha8 ever 
been produced in our system by the action of a eom6t» 

M. Fatio has sug^sted that some of the comets have 
their nodes so very near the annual orbit of the earth, 
that if the earth should happen to be found in that part 
next the node, at the time of a corners passing by, as the 
apparent motion of the comet will be incredibly swift, so 
its parallax will beoHne very sensible ; and the proportion 
thereof to that of the aun will be given ; whence such tran- 
sits of comets will affond the best means of determining the 
distance of the earth and sun. 

The comet of 1472 bad a paraU^x above twenty times 
greater than the sun^s: and if that of 1618 had come 
down in the beginning of March to its descending node, it 
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would have been much nearer the earth, and its parallax 
much more obvious. But, hitherto, none has threatened 
the earth with a nearer approach than that of 1680; for, 
by calculation, Dr. Halley found that on the 11th of No- 
vember, that comet was not above one semi-diameter from 
the earth, to the northward of the earth^s path ; at which 
time, had the earth been in that part of its orbit, the co- 
met would have had a parallax equal to that of the moon. 

If the earth had been at this time in that part of her or- 
bit nearest to that node of the comet, through which it 
passed, their mutual gravitation must have caused a change 
in the plane of the orbit of the earth, and in the length of 
our year. Dr. Halley adds, that if so large a body, with 
so rapid a motion as that of this comet near its perihelion, 
were to strike against our earth, the shock might reduce 
this beautiful frame to its original chaos. 

It would be a waste of time to detail the various wild 
and extravagant opinions which have been entertained re- 
specting these interesting bodies. During the ages of barba- 
rism and superstition, they were regarded as the harbingers 
of awful convulsions, both in the political and in the phy- 
sical world. Wars, pestilence, and famine, the dethrone- 
ment of kings, the fall of nations, and the more alarming 
convulsions of the globe, were the dreadful evils which 
they presented to the diseased and terrified imaginations of 
men. As the light of knowledge dissipated these gloomy 
apprehensions, the absurdities of vague speculation sup- 
plied their place, and all the ingenuity of conjecture was 
exhausted in assigning some rational ofiBce to these wander- 
ing planets. Even at the beginning of the eighteenth 
century, the friend and companion of Newton regarded 
them as the abode of the damned. Anxious to know 
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more than what is revealed, the fancy of speculative theo- 
logians strove to discover the frightful regions in which vice 
was to suffer its merited punishment ; and the interior ca- 
verns of the earth had, in general been regarded as the 
awful prison-house in which the Almighty was to dispense 
the severities of justice. Mr. Whiston, however, outstrip- 
ped all his predecessors in fertility of invention. He pre- 
tended) not only to fix the residence of the damned^ but 
also the nature of their punishment. Wheeled from the 
remotest limits of the system, the chilling regions of dark- 
ness and cold, the comet wafted them into the very vici- 
nity of the sun ; and thus alternately hurried its wretched 
tenants to t)ie terrifying extremes of intolerable cold and 
devouring fire. 

By other astronomers, comets were destined for more 
scientific purposes. They were supposed to convey back 
to the planets, the electric fluid which is constantly dissi- 
pating, or to supply the sun with the fuel which it perpe- 
tually consumes. They have been regarded, also, as the 
cause of the deluge. The transient effect of a comet pass- 
ing near the earth, could scarcely amount to any great con- 
vulsion; but if the earth were really to receive a shock from 
one of these bodies, the consequences, as La Place has 
shown, wovdd be awful. A new direction would be given 
to its rotatory motion, and the globe would revolve round 
a new axis. The seas, forsaking their ancient beds, would 
be hurried by their centrifugal fprce to the new equatorial 
regions; islands and continents, the abode of men and ani- 
mals, would be covered with the universal rush of the 
waters to the new equator^ and every vestige of human 
industry and genius at once destroyed. 

Proceeding onward, to the more distant regions of space. 
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we come to the^ed stars. Prior to a notice of their cbui. 
oficatioD, howeyer, a few preliminary remarks will best ex-^ 
plain their nature and arrangement. 
. The fixed stars are farther distant from the earth than 
the farthest of the planets ; as we frequently find the fixed 
stars hid behind the most distant of those bodies; and 
they are supposed to have no parallax, which the planets 
have. It is inferred ihstt the fixed stars are greater than 
our earth ; for if that was not the case, they could not 
be visible at such an immense distance. 

It is evident also, that the fixed stars shine with their 
own light ; for they are mudi farther from the sun than 
tiie remotest planet, and .appear much raoaller ; but since, 
notwithstanding this, they are found to shine much brighter 
than such planet, it is evident they cannot borrow their 
light from the same source. 

Astronomers divide the . heavens into three regions ; a 
northern and a southern hemisphere, and the zodiac. Stars 
of various magnitudes are seen in all these regions, and are 
dassed into what are called constellations, or systems of 
stars, according as they lie near one another, so as to oc- 
^ipy those spaces which the figures of different sorts of 
animals would take up, if they were delineated on what ap- 
pears to be the concave surface of the heavens. Those 
Stars which the ancients could not bring into any particu* 
lar constellation, they called unformed stars, but most of 
these are com]»rehended in the new constellations of the 
modems. 

This mode of dividing the stars into different constdla* 
tions, serves to arrange them in such a manner that any 
particular star may be readily found in the heavens by 
means of a celestial globe, on which the constellatxcms are 
so delineated as to put the most remarkable stars into 
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those'parts of the figures, which may be most easily point- 
ed out. This may be illustrated by a reference to the 
classification already alluded to. 

CONSTELLATIONS OF THE ZODIAC. 

Constellations. 

Aries 

Taurus 

Gemini 

Cancer 

Leo 

Virgo 

Libra • 

Scorpio 

Sagittarius 

Capricornus 

Aquarius 

Pisces . . . . ' . 112 

CONSTELLATIONS ON THE NOETH SIDE OF THE ZODIAC 



Ko. of Princlpnl stan and 
Stan. their magiutndes. 

66 


140 Aldebaran . 


1 


85 Castor l^ Pollux 


2 


83 




95 Regulus 
1 10 Spica Virginis . 
51 Zubenich Meli . 


1 
1 


44 Antares 


1 


69 




51 




108 Scheat 


3 



Ursa Minor . 


. S4 Stella Polous . 


2 


Ursa Major ^ 


87 Dubhe 


1 


Cassiopeia . . 
Perseus 
Auriga . 
Bootes 


. 55 

59 Algenib . 
. S6 Capella 

54 Arcturus 


2 
1 

J 


Draco . 


. 60 Bastaben . 


9 


Cepheus 


35 Alderamin 


3 


Canes Venatici, viz. 
Asterion and Chara 


25 




Cor Caroli 


. 3 




Triangulum 
Triangulum Minus 
Musca 


16 

. 5 

. . 6 




Lynx . . . 
Leo Minor 


. . 44' 
. J24 




Coma fierenicis 


. 40 




Camelopardalus 
Mons Moenalus 


.58 
. 11 
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CooftalUtiom. 


Vo.of 
Sun. 


Prinrii 
their 1 


pall 


Corona Borealis 


SI 






Serpens 


. 50 






Scutum Sobieski . 


8 






Hercules, cum Ra- 
mo et Cerbero 


. 113 


Ras Algethl 


3 


Serpentarius sive 
Ophuichus . 


67 


Ras Alhagns 


8 


Taurus Poniatowski . 


. 7 


• 




Lyra . • . 


29 


Vega . 


1 


Vulpecula et Anser 


. 37 






Sagitta . 


18 


« 




Aquila . . . 


. 40 


Altair 


1 


Delphinus 


18 






Cygnus . 


. 73 


Deneb Adige 


1 


Equulus 


10 






Lacerta 


; ^^ 






Pegasus . . 


. ' 85 


Markab 


S 


Andromeda . 


. 66 


Almaach . .' 


4 
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Phoenix ... 


. 13 


- 


• 


Officina sculptoria . 


12 






Hridanus . 


. 76 


Acbemer . 


. 1 


'Hydras • 


10 






Getus. 


. 80 


Menekar . 


. 2 


Fornax Chemica 


14 


• 




Horologium 


. 12 




- 


Reticulus Rhomboi- 








dalis . • 


10 


/ 




Xiphias 


. 7 


« 




Cda Praxitelis . 


. ' 16 






Lepus 


. 19 


. 




Columba Noachi . 


10 


, ^ 


• 


Orion ... 1 


. 78 


Betelgeux . 


. 1 


Argo Navis 


50 


Canopus 


1 


Canis Major 


30 


Sirius 


. 1 


Equuleus Pictorius . 


8^ 






Monoceros 


. 31 






Canis Minor • 


14 


Procyon 


. 1 


Chamaeleon. . 


. 10 
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• 

Coiutellatibns. 


Ko. of 
Sun. 


Frindpal start and 
t their magnitudes^ 


Pyxis Nautica 


4 




Piscis Volans . 


. 8 


m 


Hydra . . . . 


60 


Cor Hydrae. l 


Sextans . 


4 




Robur Carolinum . 


12 




Machina P&eumatica . 


. 3 




Crater . . . . 


11 


Alkes . 3 


COTVUS 


. 9 


Algorab . 3 


Crux . . . , 


6 


Crucis . 1 


Musca . • . ^ . 


. 4 




Apus. 


. 11 




Circinus . . . , 


4 




Ceataurus . 


. 36 




- Lupus • . . . 


24 


• 


Quadra £uclidi8 . 


• 1« 


■' 


Triangulum Australe . . 


5 


• 


Ara • • 


• 9 


' 


Teleseopium • 


9 


.'; 


Corona Australis . 


. 12 




Pavo . • • . 


14 




Indus 


• 12 


. 


Microscopium . 


10 


• 


Octans Hadleianus . . 


. 43 




Grus . . . . . 


14 




Toucan .x • 


. 9 


• 


Piscis Australis . 


20 


Tomachaut 



The stars vary very materially in their apparent magni- 
tude and number at different periods of time. 

The first new star that we have any good account of, 
was discovered by Cornelius Gemma, in 157^, in the chair 
of Casdopeia. It surpassed Sirius in brightness and mag- 
nitude; and was seen for sixteen months successively. At 
first, it appeared larger than Jupiter, and then it gradu- 
ally diminished both in magnitude and lustre, until 1573, 
when it became invisible. 

On the 13th of August, 1696, David Fabricius observ- 
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ed the Stella Mira, in the neck of the whale ; which has 
since appeared and disappeared periodically. 

In the year 1600, William Janscnius disccyvered a 
changeable star in the neck of the swan ; which, in timey 
became so small as to be thought to disappear entirely ; > 
till the year 1657, when it recovered its former lustre and 
magnitude. 

In the year 1604, Kepler and several of his friends saw 
a new star near the heel of the right foot of Serpentarius, 
so bright, that it exceeded any thing they had «ver seen 
before ; and they state, that it was every moment changing 
into some of the colours of the rainbow, except when it was 
near the horizon, at which time it was generally white. It 
surpassed Jupiter in magnitude. It disappeared between 
October 1605, and the February following, and has not 
been seen since that time. 

In July 1670, Hevelius discovered a new star, which 
was scarcely perceptible in October. In April fcdlowing, it 
still retained its lustre, but wholly disappeared in August. 
In March 1672, it was see^ again, but very small ; and has 
not been visible since. It may be proper to add, that the 
star Algol, in the space of rather more than two days, 
changes from the second to the fourth magnitude. 

M. Maupertuis, in his Dissertation on the Figures of the 
Celestial Bodies, is of opinion, that some stars, by their 
prodigious swift rotation on their axes, may not only assume 
the figures of oblate spheroids, but that by the great centri- 
fugal force arising from such rotations, they may ultimately 
attain the figure of a mill-stone, or be reduced to flat cir- 
culai^ planes, so thin, as to be quite invisible when their 
edges are turned towards us, as Saturn's ring is in such a 
position. But when very eccentric planets, or comets, go 
round any flat star in orbits much- inclined to its equator^^ 
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the attraction of the planets, or comets, in their perihelions 
must alter the inclination of the axes of the star ; on which 
account it will appear more or less large and luminous, as 
its broad side is more or less towards u& And thus he 
imagines we may account for the apparent changes of mag- 
nitude and lusti'e of those stars, and likewise for their ap- 
pearing and disappeariiig.* 

Dr. Herschel's success in examining the milky-way, in- 
duced him to turn his telescope to the nebulous parts of 
the heavens. Most of these yielded to a Newtonian re- 
flector, of twenty feet focal distance, and twelve inches 
aperture ; and he ascertained that they were composed of 
stars, or at least contained stars, and afforded very strong 
indications of their consisting of them entirely. ^^ The ne- 
bulas,^' says he^^ ^^ are arranged into strata, and run on to a 
great length, and some of them I have been able to pursue, 
and to guess pretty well at their form and direction. It is 
probable enough that they may surround the whole starry 
sphere of the heavens, not unlike the milky-way, which un- 
doubtedly is nothing but a stratum of fixed stars ; and 
as this immense starry bed is not of equal lustre in every 
part, nor runs in one straight direction, but is curved, and 
even divided into two streams along a very considerable 
portion of it ; we may likewise expect the greatest variety in 
the strata of the cluster of the stars and nebulae. One of 
these nebulous beds is so rich, that, in passing through a 
section of it in the time of only thirty-six minutes, I have 

* Hevelius apprehends, that the sun and stars are surrounded with 
atmospheres, and that, whirling round their axes with great rapidity, 
they throw off great quantities of matter into those atmospheres ; and 
thus, he adds^ it may happen that a star, which^ when its atmosphere 
is clear, shines out with great lustre, may at another time, when it is 
full of clouds and thick vapours, appear greatly diminished in bright- 
nets and magnitude, or even become quite invisible. 
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detected no less than thirty-one nebulae, all distinctly visible 
upon a fine blue sky. Their situation and shape, as well 
«s condition, seem to denote the greatest variety imaginable. 
In another stratum, or perhaps a different branch of the 
former, I have often seen double and treble nebulae vari- 
ously arranged ; large ones, with small seeming attend- 
ants ; narrow, but much extended lucid nebulae, or bright 
dashes ; some of the shape of a fan, resembling an electric 
brush issuing from a lucid point ; others of the cometic 
shape, with a seeming nucleus in the centre, oi* like cloudy 
fitars, surrounded with a nebulous atmosphere; a different 
sort of orb again, containing a nebulosity of the milky kind^ 
like that wonderful, inexplicableiphenomena about Ononis ; 

while others shine with a fainter mottled kind of light, 

« 

which denotes their being resolvable into stars.^- 
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Achromatic telescope, ii. 113. 

Acoustical effect of a vibrating string, i. 300. 

Adams, Mr. rules for the preservation of sight, ii.-83. 

^olian harp, i. 301. 

^pinus, theory of magnetism, ii. 241. 

Aerial telescope, ii. 109. 

Aerostation, origin of, i. 299, 224. 

Air, weight and pressure of, i. 99 ; apparatus for ascertaining its 
specific gravity, 160. 

Air-pump, Mr. Styles' improved, i. 109. 

Arago, M. polarization of light, ii. 57. 
X Archimedes, screw of, i. 209. 

Ascent, Count Zambecari and Dr. Andreoli's in a balloon, i. 240. 

M- Cray Lussac's scientific, i.241. 

M. Garnerin's from London, i. 243. 

Captain Beaufoy*s for Meteorological purposes, i. 249. 

Messrs. Roberts and Hullin's in a balloon from Paris, i. 237. 

Aitronomical telescope, ii. 107. 

Astronomy, history of> ii. 351. 

Atmometer, Leslie*s, ii. 315. 
. Atmosphere, hygrometric state of, ii. 318. 

Atmospheric steam-engine, i. 27. 

— ' Mr. Watt's improvements in, i. 29. 

Atmospheric refraction, ii. 24. 

Atmospheric electricity, ii. 182 ; Abb^ Mazeas, 184. 

Attraction, magnetic, ii. 240. 

Attraction of light, ii. 20. 

Aurora-borealis described by Mr. Dalton, it. 196. 
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Automata^ construction of^ i. 75. 

Azimuth compass^ ii. 356. 

« 

Bacchus apparatus^ i. 119. 

Balance^ bent-lever^ i. 6. 

Balance^ construction of^ in watches^ i. 79. 

' hydrostaticalj i. 154. 
Balloon, i. 931, 234, 836, 848. 
Barker, Dr. his mill, L 190. 
Barlow, Professor, remedy for the effects of iron on the compass, ii. 

858. 
Barometer, its construction, ii. 307. 

marine, ii. 304. 

Barton, Mr. his improved piston, i. 34. 

Batteries, electrical, ii. 170; Brando's, 171. 

Battery, construction of the Wedgwood ware, ii. 81 1 . 

Beaufoy, Colonel, improvements in the pendulum, i. 68. 

Bell, diving, construction of, i. 145. 

Bells, electrical, ii. 176. 

Bellows, hydrostatic, L 140. ' 

Berzelius, M. electro-magnetic experiment, iL 883. 

Blot, M. transmission of sound by cast iron, i. 867. 

Birds, larynx of, i. 876.' 

Birkenshaw, Mr. patent rail-way,' i. 92, 

Bladder, air, of fishes, i. 153. 

Blanchard, Mr. wings for directing a balloon by, i. 853. 

Boiler, Mr, Perkins', i. 38. 

Mr. Woolf s, i. 36. 

Bones of the human apn, strength of the, i. 4. * 

Borelli, his calculation of the force of the double-headed muscle, 

i. 4, note. 

Boring for water, i. 194. 

Boulton and Watt's steam-engine, i. 31. ' . 

Bradley, velocity of light, ii. 4. 

Bramah's press, i. 142. 

Brancas, his steam-engine, i. 83.. 

Brande, Professor, suggestion for an improved ^ectrical battery by, 
ii. 171. 

Breguet,' M. thermometer of, ii. 329, 
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Brewster^ Dr. caleidoscope^ ii. 8^ 13. 

micrometer of, ii. 136. 

adjusting microscopes, ii. 88. 

— burning lens of, ii. 66. 

Brougham, Mr. inflection of light, ii. 43. 
Brown's, Mr. gas-engine, i. 27. 
Brunton, Mr. pump for miners, i. 206. 
Burning mirror. Baron Von Tchivnhausen's, ii. 20. 

of Dr. Brewster, ii. 66. 

r- Stettala's, ii. 19; Vilette's, ib. 

Caleidoscopb, telescopic, ii. 13. 
Caloriiic ravs, ii. 34. 
Camera-obscura microscope, ii. 95. 

portable, ii. 104. 

Canton's experiments on the compressibility of water, i. 138. 

Capstan, its construction, i. 10. 

Carriage, applying friction-balls in the wheels of a, i. 81. 

Catoptrical microscope, ii. 99. 

Cavallo, Mr. experiments with the electrical kite, ii. 186. 

' his portable electrometer, ii. 189. 

micrometer, ii. 133. 

Cavendish, Mr. experiments relative to the specific gravity of hydro- 
gen gas, i. 230. 
Celery, e£Pect of light on, ii. 5. 
Celestina, Mr. Tate*s, i. 304. 
Chai^coal points, ii. 215. 
Chemical agencies of electricity, ii. 219. 
Chime, electrical, ii. 205. 

Chladni and Jacquin, sonorous properties of gas^s, examined by, i. 261 . 
Christie, Mr.. apparatus by, ii. 381. 
ClepsydrsB, 1-51. 
Clocks, arrangement of wheel-work in, i. 53. 

— : invention of, with wheels, i. 52. 

— — interior of a striking, i. &6, 

Cloth-pump, i. 208. 

Cloud, distance of the thunder, ii. 196. 

Coates, Dr. hydrostatical balance, i. 154. 

CoUadon, Dr. L. description of the diving-bell, i. 1 47, note. 

2 E 2 



420 IND£K; 

ColouTH, phenomena of, ii. 32. 

ColouTB, striated, on steel, &c. ii. 39. 

Colomb, M. construction of his electrometer, ii. 159. 

Combustion, experiment to show that oxygen-gas is essential to, 

i. 97, note. 
Compass, remedy for the effects of iron on the, ii. 258. 
Compound lenses, ii. 1 12. 
Compressibility of water, i. 133. 
Compass, azimuth, ii. 256. 

Concave reflectors, phenomena connected with, ii. 16. 
Condamine, velocity of sound, i. 263. 
Condensing syringe, i. 126. 
Conductors, electric, ii. J 45. 

lightning, ii. 183. 

• of sound, i. 265. 

Convex mirrors, effects of, ii. 18. 

Cooper, Mr. effects of hydrogen-gas in altering the voice, i« 268. 
Cumming, Professor, table of thermo-electrics, ii 295. 
Cup of Tantalus, i. 104. 
Cuthbertson, Mr. electrometer, ii. 172. 

■■ plate electrical machine, ii. 1 53. 

Cylinder electrical machine, construction of, ii. 148. 

Dalton, Mr. description of the aurora borealis, ii. 196. 
Daniell, Mr. hygrometer^ ii. 316. 

■ ■ pyrometer, ii. 337. 
Davy^ Sir H. chemical agencies of electricity, ii. 219- 

theory of mists, ii. 323. 

— — — electro-magnetic experiment, ii. 286. 

Deafness, curious fact discovered by Dr. WoUaston, L 288. 

Decomposition of the rajrs of light, ii. 29. 

Defla^ation of metals, ii. 216. 

De Luc, M. electric column, ii. 203. 

Diagonal barometer, ii. 302. 

Differential thermometer, Leslie's, ii. 330. 

Diving-bell, construction of, i. 145^ 147. 

Dollond, Mr. object-glasses, iil 113. 

Double refraction, nature of, ii. 26. 

Double transferrer, i. 120, 
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Ear-trumpet^ Mr. Gongh's ezperimants on^ i. 393. 

Ear, consitruction of the^ i. 278. 

of insects^ i. 290. 

of quadrupeds^ i. 889. 

Earth, its form, ii. 375. 

Eel, electric, ii. 230, 232. 

Egg, experiment with;^ beneath the receiver of an air-pump, 
i. 122. 

Electricity, atmospheric, ii. 182; by the Abb^ Mazeas, 184. 

— — ' medical, ii. 153. 

Electric conductors^ ii. 145. 

Electric column, M. De Luc's, ii. 203; Singer's experiments on, 
204. 

Electric spark, colour of, ii. 180. 

Electrical air-thermometer of Kinnersley, ii. 162. 

batteries, ii. 170 ; Brande's, 1711 

Electrical chime, Forster's, ii. 205. 

Electrical kite, construction of, ii. 185. 

Electrical stool, ii. 154; electrical fly, 155. 

Electro-magnetic experiments by Ampere, ii. 286; by Sir Humphrey 

Davy, ib. 
Electrometer, gold-leaf, ii. 157; improved by Singer, 158. 
Electrophorus, construction of, ii. 165. 
Ellicott, Mr. pyrometer, ii. 332. 
Equator, magnetic, ii. 267% 
Escapement, i. 54. 

Eustachian tube, construction of the, i. 28^. 
Excitation, electrical, ii. 141. 

Experiments, miscellaneous, in pneumatics, i. 122—124. 
Eye, mechanism of the, ii. 78. 
— refractive ptower of the, ii. 73. 
modes of judging of distance with, ii. 75. 

Farrexheit's thermometer, ii. 328. 

hygrometer, L 156. 

Faraday, Mr. electro-magnetic apparatus, ii. 282. 
Ferguson, Mr. pjrrometer, ii. 334. 
Fluid microscopes, ii. 87. 
Fish, effect of light on, ii 5. 
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Fisher^ Mr. error in chronometers, ii. 965. 

Fishes, organ of hearing in, i. 290. 

Fire-engine, construction of, i. 901. 

Fluidity, nature of, i. 132. 

Fly with vanes, materiality of air illustrated by a double, i. 1 14. 

Forcing pump, i. 200. 

Lahire's, i. 203. 

Forster, Mr. electrical chime, ii. 205. 
Fountain, air, i. 202. 

Hero's, i. 21 9. 

Franklin, Dr. electrical kite, ii. 1 85. 
Friction, nature of, i. 78. 

Furnaces, Mr. Watt's smoke-consuming, i 46. 

Fusee, construction of, i. 71. 

Fusion, experiments on, ii. 177; by Dr. Franklin, ib. 

Galileo's telescope, ii. 111. 

Galvanl, Professor, his theory of muMnilar motion, as produced by 

electricity, ij. 200. 
Galvanism, medical use of, ii. 236. 
Gases, sonorous properties of, i. 261. 
Gas-engine, Mr. Brown's, i. 27. 
Gauge, employed to show the compression in pneumatic machines, 

i. 129. 
■ for ascertaining the degree of rarefaction in the receiver of , 

the. air-pump, i. 124; Mr. Smeaton's, 125. 
Gay Lussac, M. scientific ascent in a. balloon, i. 241. 
Glasses, object, of M. Dollond, ii. 113. 
Gnomon, i. 51. 

Goldingham, Mr. velocity of sound at Madras, ascertained by, i. 264. 
Gold-leaf electrometer, ii. 157 ; improved by Singer, 1 58. 
Gordon, Mr. application of the condensing- syringe for compressing 

gas into a cylindrical or globular vessel, i. 131. 
Gough, Mr. experiments on ear-trumpets, L 293. 
€rovemor, i. 32. 
Graham, G. experiments on the pyrometer relative to the expansion 

of different metals, i. 65. 
Grassetti, Dr. and M. Paschal Andreoli's ascent from Ancoua, i. 138. 
Gravity, specific, of various bodies, i. 148. 
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Gray^ S. fluid-microscopes^ ii. 87. 
Gregory, theory of his telescope^ ii. U7. 
Grimaldi^ inflection of lights ii- 4S. 
Gymnotus^ or electric eel^ ii. 230, 232. 

Hail^ production' of, ii. 324>. 

Hair hygroineter^.SauBsure's, ii. 31 1. 

Hampton-court dock, winding performed once »-year, i. 54. 

Hardy, Mr. apparatus for detecting oscillations of the pendulum^ 

i. 69. 
Harmonic division of a string, i. 299. 
Harp, JEoIian, i. 301. 

Harris^ Leigh, construction of his electrometer, ii« 159. 
Hearing, mechanism of, i. 277. 
Hearings organ of, in fishes, i. 293. 
Heat and cold^ ii. 338. 

Hemispheres^ Magdeburg^ construction of, i. 117. 
Henley^ Mr. pith-ball electrometer, ii« 157. 
Hero, his high-pressure steam-engine, u 23. 
Hero's fountain, i. 219. 
Herschel, Sir W. lamp-micrometer, ii. 12. 
High-pressure engine, i. 35 ; advantages, ib. 

: of Perkins, i. 38. 

Hooke, Dr. his invention of the pendulum spring in watches, i. 70. 
Horses, strength of, i. 89. 
Howard, Mr. modification of clouds, ii. 319. 
Hulls^ J, introduction of steam-navigation by, i. 45. 
Hunter, Mr. his screw^ i. 17. 
Hydraulic ram, i. 214. 
Hydrogen-gas, Mr. Cavendish's experiments relative to its specific 

gravity, i. 230. 
—————sounds produced by, i. 297. 
— — — effects of in altering the voice, i. 268, 
Hydrometer, i. 155; Fahrenheit's, 156; Mr. London's, 157. 
Hydrostatic bellows, i. 140. 
Hygrometer, Daniell's, ii. 316. 

' sponge, ii. 312. 

M. Saussure's hair, ii. 311. 

— • beard of the wild oat, ii. 310. 
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Ice transmififiion of Bound by, L 266. 

Indined plane, analogy between the screw and the, i. rt. 

Inflammation of bodies by electricity, iL 178. 

Inflection of light, ii* 49. 

Insects, ear of, i. 290. 

Intermitting springs, i. 198. 

Iron, effects of on the compass, ii. 267 ; Barlow's remedy, 2SS. 

magnetism of heated, ii. 263. 

cast, transmission of sound by, i. 267. 

J A c k; construction of the. Lis. 

Jacquin and Chladni, sonorous properties of gases examined by 

i. 261. 
Jar, origin of the Leyden, ii. 167 ; construction of, 169. 

Kater, Captain, his mode of constructing the compass needle, ii. 

265, note. 
Kempel's rotatory steam-engine, i. 42. 
Kent, Mr. analysis of white light by, ii. 30. 
Kircher, .Slolian harp, i. 301. 
Kite, construction of the electrical, ii. 185. 

Lahire's forcing-pump, i. 203. 

Larynx of birds, ii 276. 

Lens, burning, ii. 64; Mr. Parker's, 65. 

of Dr. Brewster, ii. 66. 

Ledie, Professor, atmometer, ii. 315. 

— hygroscope, ii. 313. 

di;fferential thermometer, ii. 330. 

Lever, first employment of the, i. 2- 

Leyden jars, origin of, ii. 167 ; construction of, 169. 

Light, phenomena of, ii. 40. 

rays of, coloured, ii» 27. 

— • — - bodies magnetised by, ii. 252. 

effect of, on fish, ii. 5. 

effects resulting from the decomposition of white, on the fea- 
thers of birds, mother-of-pearl, &c« ii. 38. 

effect of, on vegetables, ii. 5. 

— - — polarization of, ii. 45. ' . 
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Light, connection between it and magnetism^ ii. 34. 

Lightnings identity between it and artificial electricity, ii. 182. 

Loadstone^ ii. 242. 

Locomotive engine^ i. 40. 

Lunardi's method of filling his- balloon with gas^ i. 234. 

Lungs-glass^ i. 1 18. . 

Mac Adam, Mr. his improved system of road-making, i. 94. 

Madras, velocity of sound at, i. 264. 

Magdeburg hemispheres, construction of, i. 117. 

Magic-lantern, ii. 105. 

Magnets, horse-shoe, ii. 246. 

power of, ii. 247. 

Magnetic equator, ii.'267. 

Magnetism, connection between light and, ii. 34. 

Magnetimeter, Scoresby's, ii. 249. 

Martin, Mr. wind-gauge, ii. 347. 

Marsh, Mr. electro-magnetic apparatus, ii. 283. 

Masterman, Mr. rotatory steam-engine, i. 42. 

Maskelyne, Mr. atmospheric refraction, ii. 24. 

Matthew, Mr. methods proposed to counteract the inconvenience of. 
reflected sound, i. 274. 

MazeaSj Abb^, on atmospheric electricity, ii. 184. 

Mechanical powers, niunber of, i. 1. 

Medj^ iise of galvanism, ii. 236. 

Mercury, atmosphere of, ii. 301, note. 

Mercury, freezing of, ii. 327^ note. 

Metals, experiments on the fusion of, ii. 177. 

deflagration of, ii. 216. 

Meteors, ii. 199. 

Meteorological observations made by Captain Beaufoy during his as- 
cent in a balloon, i. 249. 

Meteorological instruments, ii. 300. 

Micrometer, Sir W. Herschel's lamp, ii. 129. 

Microscope, compound, ii. 91. 

— ^— camera-obscura, ii. 95. 

' for opaque objects^ ii. 98. 

'■ adjusting, ii. 88« . 

Wollaston's improvements in> ii.'93. 



426 INDEX. 

Microscope^ portable^ ii. 91, 

Microscopic spherules, ii. 86. 

Mill, Dr. Barker's, L 190. 

Mills, water, rules and observations relatife to their construction, i. 186 

Mirror, effects of parallel rays of light faUing upon a concave, ii. 14. 

of a telescope, ii. 124. 

Mirrors, cylindrical, ii. 18. 

burning, ii. 19; SteUa's, iL 19; Vilette's, ib. 

Baron Von Tcfaivnhausen's, ii. 20. 

Moll, Dr. experiments on the velocity of sound, i. 268. 

Mongolfier, S. and J. their first experiments in aerostation, i. 224. 

Montgolfier, Joseph, exhibition of his balloon at Paris, i. 225. 

Monnier, M. atmospheric electricity, ii. 183. 

Morichini, Dr. connection between light and magnetism, ii. 34. 

Morland, S. construction of speaking-trumpet, i. 291. 

Morosi, M. force of water, i. 192. 

Multiplying glass, ii. 67. 

Muscle, Borelli's calculation of the force of the double-headed, 

i. 4, note. 
Muscular motion, i. 4. 

Musical sounds. Dr. Robison's experiments on, i. 295. 
————— produced by electricity, ii. 200. 

Navigation, steam, first employment of, i. 45. 

Needle, constructing the compass, ii. 255. 

' variation of the magnetic, ii. 266, 268. 

■ construction of the dipping, ii. 270. 

— — dip of the, ii. 269. 

Newcomen's steam-engine, Mr. Watt*s improvements on, i. 29. 

Non-electrics, list of, ii. 146. 

OfiiisTED, M. electro-magnetic experiments by, ii. 277. 
Object-glasses by Mr. Dollond, ii. US. 
Orrery, ii. 154. 

Oxygen-gas, experiment to show that it is essential to Qombustion, 
i. 97, note. 

Parachute, descent of M« Garnerin in a, i. 243 ; construction of, 246. 
Parker, Mr. burning lens, ii. 66, 
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Pendulum, i. 63; supporting the, i. 64.- ■ 

— « Mr. Graham's, i. 67. 

. Colonel Beaufoy's improvements in, i. 68. 

Pepys, Mr. electro-magnetic apparatus, ii. 292. 

:-i^ improved battery by, ii. 213. 

Periodical winds, ii. 342. 

Perkins, Mr. his high-pressure engine, i. 38. 

Perpetual motion, i. 19. 

Persian wheel, i, 188. 

Phantasmagoria, ii. 106. 

Pile, invention of the Voltaic, ii. 202. 

—- ^ ezperiI^ents with the moist, ii. 218. 

Pipes, conveyance of sound by, i. 268. 

Piston, M*r. Woolf 's improved, i. 34. 

Plane, inclined, i. 13. 

Planets, primary, ii? 368. 

Plates, vibrations of, i. 303. 

Plate electrical machine, construction of, ii. 152 ; Cuthbertson's, 153. 

Pneumatic experiments, miscellaneous, i. 122 — 124. 

Poker, considered as a lever, i. 2. 

Polarization of sound, i. 269. 

— — ^— of light, ii. 45. 

Polarity given to bars, ii. 275, 276. 

Polyphanta, Baptista Portals, ii. 7. 

Pressure of the air illustrated by placing the hand on the plate of the 

air-pump, i- 114. 
Prismatic spectrum, ii. 27. 
Propagation of sound, i. 258. 

■ light, ii. 2. 
Pump, Sarjeant's, i. 189. 

cloth, i. 208. 

Mr. Perkins', i. 204. 

forcing, i. 200. 

Mr. Brunton's for miners, i. 206. 

of Vera, rope, i. 212. 

Pyrometer, Mr. Wedgwood's, ii. 336 ; Daniell's, 337. 
Ellicott's, ii. 332; Mr. Ferguson's, 334* 

QuABE, Mr. his repeating \7atch, i. 73. 
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Raii.-wayb^ construction of, i. 91. 

Rainbow^ ii. 86. 

Rain-gauge, construction of^ ii. 388 ; fixing, ib. 

Ram, hydraulic, i. 814. 

Ramsden*s, Mr. micrometers, ii. 186. 

Ratchet-wheel, i. 11. 

Rays, illuminating* power of different-coloured, ii. 33. 

Rays, effects of parallel, falling upon a concave mirror, ii. 1 4. 

Reaumur's thermometer, ii. 388. 

Reflection of sound, i. 872. 

— ' liglit, ii. 6. 

Reflecting-telescope, ii. 116. 
Refractive power of bodies, ii. 88. 
Repeating-watches, invention of, i. 73. 
Resinoiis electricity, ii. 141. 
Respiration, nature of, i. 118, note. 
Richman, Professor, death of, ii. 185, note. 
Road-making, i. 94* 

Roberts and Hullin, Messrs. ascent in an inflammable balloon from 

Paris, i. 837. 
Robison, Dr. experiments on musical sounds, i. 894. 
Roemer, velocity of light examined by, ii. 4. 
Rollers, friction, i. 81. 

Remain, M. fatal ascent of, in a balloon, i. 838. 
Ronalds, Mr. construction of his electrical machine, ii. 148. 
Rope pump of Vera, i. 218. 

Rotatory steam-engine, Kempel's, i. 48; Mr. Sadler's, ib. ; Mr. 

Masterman*s, ib. 
Rozier, M. fatal ascent of, in a balloon, i. 838. 

Sadler's rotatory steam-engine, i. 42. 

Safety-valve, i. 37. 

Saijeant's pump, i. 189. ' 

Savant, M. anatomy and uses of the tympanum, i. 284. 

Savery, Captain, his steam-engine for raising water, i. 26; objections 

to his engine, 86. 
Saussure, M. improvement in Cavallo's electrometer, ii. 190. 

hair-hygrometer, ii. 311. 

Schemnitz apparatus, i. 218. 
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Scoresby^ Mr. magnetimeter^ ii. 249. 
Sct6w, compound^ i. 17. 

analogy between it and the inclined plane^ i. 16. 

Seasons^ phenomena of, ii. 184. 

Seebeck, Dr. thetmo-electricity, ii. 292. 

Self-registering thermometers, i. 331 ; Dr. Rutherford and Crich- 

ton's, ib. < 

Shooting stars, ii. 199. 

Sight, Mr. Adams' rules for the preservation of, ii. 83. 
Silurus electricus, ii. 235. 
Singer, Mr. insulation of the battery, ii. 216. 

condenser by, ii. 165. 

-; his gold-leaf electrometer, ii. 158. 

Sirene, Baron Cogniard de la Tour's, i. 295. 
Siveright, Mr. his microscopic spherules, ii. 86. 
Smeaton, Mr. his method of fitting the piston, i. 33. 

■ gauge for ascertaining the degree of rarefaction in 

the receiver of the air-pump, i. 124. 

Smoke-consuming furnaces, i. 46. 
Sonorous bodies, nature of, i. 258. 

Sound, transmission of, by ice, i. 267 ; transmission of by cast-iron, 
267. 

Condamine on velocity of, i. 26, 

polarization of, i. 269. 

■ conveyance of, by pipes, i. 268. 

— — Dr. Moll's experiments on the velocity of, i. 263. 

produced by hydrogen-gas, i. 297. 

Spark, colour of the electric, ii. 180. 
Speaking-trumpet, constructing a, i. 291. 
Speech, miechanism of, i. 275. 
Specific gravities of bodies, i. 148. 

' r- process of ascertaining, i. 158. 

-^ table of, i, 160. 

Spectrum, prismatic, ii. 27. 

Spiral pump, i. 210. 

Sponge-hygrometer, ii. 312. 

Springs, intermitting, i. 1 98. 

Stars, fixed, iL 199. 

Steam-engine, account of the Marquis of Worcester's, i. 25. 
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Steam-engine^ Hero's high-pressure, i. SS. 

Captain Savery's for raising water, i. 96 ; ohjections to 

his engine, 96. — See Watt and Nzwcomcv. 
Steel, striated colours on, ii. 39. 
Steel-yard, i. 6. 
Stettala*B burning-glass, ii. 19. 
Stool, electrical, ii. 154. / 

Storm, ensuring safety during a thunder, ii. 195. 
String, acoustical effect of a vibrating, i. 300. 

i- harmonic division ofi i. 899. 

Sucking-pump, operation of the, i. 105, 199. 

Sun, its nature, ii. 170. 

Syphon, operation of, i. 100. 

Syringe, condensing, application of the, for compressing gas into a 

cylindrical or globular vessel, i. 1>31. 

Tabls of specific gravities, i. 160. 

Tantalus, cup of, i. 104. 

Tate's, Mr. celestina, L 304. 

Telescope, astronomical, ii. 107. 

— — Sir William Herschel's, ii. ISS; construction of, 123. 



— adjustment of, ii. 194. 

— new form, ii. 194. 

- Galileo's, ii. 111. 

- theory of Gregory's, ii. 117. 
support for, ii. 114. 



Tellurian, Mr. Christie's described, ii. 381. 
Terrestrial refraction, quantity of, ii. 94. 
Thermo-electricity, ii. 994. 
Thermometer, construction of, ii. 396 ; scales of, ib. 

Fahrenheit and Reaumur's, ii 398. 

M. Bregiiet, ii. 399. 

— ^— differential, ii. 330. 

Thiout, M. his pendulum, i. 66. 
Thunder-storm, description of, ii. 187. 

best mode of ensuring safety during, ii. 195. 

Thunder-house, construction of the, ii. 199. 
Torpedo, or electric-ray, ii. 930. 
Transferrer, doubft, i. 190. 
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Tr3ad-wheel> construction of the^ i. 12. 

Trevithick and Vivian, Messrs. locomotive-engine, L 40. 

Tromba, Kircher's, i. 291. 

Trough, invention of the Voltaic, ii. 207 ; construction Of, 2Q8, note. 

Trumpet, constructing a speaking, i. 29 1 . 

ear, Mr. Gough's experiments on, i. 293. 

Tympanum^ Mr. Savart on the anatomy and use^of the, i. 284. 

Van Ellebtein, Mr. freezing of mercury, u. 327> note. 

Vegetables, effect of light on, ii. 5. 

Vera, rope-pump of, i. 212* 

Vibrating string, acoustical effect of a, i. 300. 

Vibrations of plates, i. 303. 

VUette's burning glasses, ii. 20. 

Vision, extent of perfect, ii. 82. 

defective, causes of, ii. 79. 

Vitreous electricity, ii. 141. 

Voice, human/ mechanism of, i. 275. 

effects of hydrogen-gas in altering ihe,l. 268. 

Volta*s inflammable air-lamp, ii. 166, note. 
Voltaic pile, invention of, ii. 202. 

■ ■ trough, invention of the, ii. 207 ; construction of, 208, note. 
Von Buch, M. polarity given to bars, ii. 276. 
Vulliamy, 6. account of boring for water, i. 194. 

Waooons used in rail-ways, i. 92. 

Watches, repeating, invention of, i. 73. 

Watch, Messrs. Barlow and Quare*s, i. 73. 

Watch-spring, construction of, i. 71. 

Water, employed as a prime mover in machinery, i. 183. 

' ■ — Canton^s experiments on the compressibility of, i. 133. 
' — boring for, i. 194. 
Water-mills, rules and observations relative to their construction, 

i. 186. 
Watt, Mr. his improvements in Newcomen's steam-engine, i. 29. 
Wedgwood, Mr. pyrometer by, ii. 336. 
Wedgwood-ware battery, construction of, ii. 21 1. 
Wheatstone, Mr. his' experiments on the polarization • of sound, 
i. 269. 
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Wheel and axle, principle of the, i. 10. 

Wheels, water, i. 184. 

Wheels, applying friction-balls in those of carriage, i. 81. 

Wheel-barometer, construction of, ii. 303. 

WindSi phenomena of, ii. 340 ; general, 3^1 ; periodical, 342. 

Wind-gauge, Lindas, ii. 345 ; Martin*s, 347. 

Wind-instruments, i. 296. 

Wings of Mr. Blanchard for directing a balloon, i. 253. 

Wirtz, Andrew, spiral pump by, i. 210. 

Wollaston, Dr. improvement in microscopes, ii. 93. 

— ^— -^— curious fact discovered by, in the mechanioi of 

hearing, i. 288. 
Woolf, Mr. his improved steam-engine, i. 37. 

■ boiler, i. 36. 
Worcester, Marquis of, account of his steam-engine, i. S5. 
Wunsch, M. his experiments on conductors of sound, i. 265. 

Zambbcari, Count, Dr. Grassetti, and M. Aiidreoli*s ascent in a 
balloon from Ancona, i. 238. 



THE END. 
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